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PREFACE
In 1971 the ,U.S. Office of Education entered into a major commitment
U1/file concept of "career education." Fundamental to this concept is
the notion that the entire range of educational experience should in-
volve preparation for economic independence and personal fulfillment,
and should develop an appreciation for the dignity of work. State edu-
cational agencies and local school districts were receptive to this notion,
and many state legislatures have mandated career education for all
students. ELEMENTS OF COMPUTER CAREERS was developed at
Northwest Regional Educational Laboratory, with s.pport from 'the
USOE, to provide awareness, exploration, and hands-on'work experi-
ence in an occupational area of major iMportance in our technological

. world.

The development work was carried out on-site at a Gresham,
Oregon, school in a trailer equipped with a complete, operating mini-
computer center, Students used the materials as they were developed
and took complete responsibility for operating the computer center to
provide computer services for teachers and administrators. This use of
the materials functioned as formative testing and resulted in much
on-site revision, retesting, and more revision.

Field tests were subsequently conducted in four schools, repre-
senting a variety ofvettings, a range of access to computer hardware,
and courses of varidus lengths. The materials were also used Coo con-
duct a teacher-tra(ning course in Agana, Guam. On the basis of the
data from the field tests, the materials were again revised, this time for

publication.

ELEMENTS OF COMPUTER CAREERS has maximum flexi-
bility for use. It may be used in a setting where a computer is aiilahle,
one in which there is access to a remote terminal, or one in which
neither is at hand. Through problem solving, simulation, and hands-on
activities, the reader is exposed to the working world of computers and
has direct experience of the many computer-related careers:

ELEMENTS OF COMPUTER CAREERS has been demon-
strated to provide an effective and motivating course of instruction for

,........./
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students and teachers. alike, for all levels of instructional objectives
from career awareness and computer literacy through career prepara-
tion and teachei training;
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The
computerized

society

THE MARVELOUS JOURNEY
OF MILLIE FOGARTY

O

Millie Fogarty is a computer programmer. She works for a major com-.

puter manufacturer-in Los Angeles. Frequently Millie isisent by her

company to work on speaial programming projects in other cities. Millie

- is a "chid of the 70's"modern
'N"

,she was; and she takes th)m

electronic computers were born before

for granted. When she encounters a
.11
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4 The computerized society

computer at the supermarket checkout counter, or if a computer-iro-
.duced "voice" intercepts her call when she dials a wrong number, she
scarcely notices. In fact, she depends on computers to make her life
less complicated and more interesting. Let's follow Millie through a

- few days of work and leisure and note the impact of the computer on
life.e...
On Friday, Millie,lear4 rns that she must fly to Oklahoma City to

work on a special project. It is a program which simulates the drilling
of an oil well. She is to be there by Monday morning, prepared,to stay
several weeks if necessary. ' '

That means Millie needs to run some errands. Her old suitcase has
traveled so much it is worn out. She'll need a new one. And she'll need
to make plane and hotel reservations and withdraw some money from

her checking account.
Saturday morning, her first stop is a ,department store. In the lug-

gage department there are dozens of suitcases to choose fromflow-

l

Fig. 1-1 A "reading wand" in 2se at a checkout
stand

k$
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The computerized society *5

eied,striped, plain, large, small. Millie selects a medium-sized black

. suitcase and takes it to the clerk. As the clerk pulls off the magnetically
coded ticket, he picks up a "reading wand"a device .that looks like a
ball-point pen connected. by a cord to the cash register. When he

touches the wand to a magnetic strip on the ticket, codes for the color,

. price, stock number, and department number are tead automatipaily-
and instantly into the electronic cash registei. From there, the data
gioes to the store computer. At the end of the day all of that day's sales
information it transmitted to the main computer at the 'national head-

track of he inventory. VVIien* the store's supply of medium-sized black
,)quarters f the department store chain. This information is used to keep

suitcases falls below a certain number, an order will be printed auto-
matically for more to be sent from the warehouse. If the warehouse
supply also gets low, the main computer will print a purchase order to
be sent to the wholesale luggage supplier. This.same sales information
is used to help the store's buyers and managers make decisions, forecast(
future sales, and compute. the monthly commission.of the clerk credited
with the sale of the suitcase.

Meanwhile, Millie hands the clerk her credit card, and again he

brushes the wand 'across a magnetically coded strip located this time on
the plastic card. In less than a second, the store's computer verifies her

. good credit rating and records the charge to her account.
There are several display lights on the screen of the electronic

cash register. One of them, labeled "HOLD," has remained steadily
dark. "What is the 'HOLD' light for?" Millie asks the clerk.

He grins, "If that light had come on I'd have called the police,
because that means the credit card the computer is checking is a stolen

one!"
As Millie leaves with her new suitcase she realizes the entire .pur-

chase'took less than half the usual checkout time at other stores. Two

%vaves,of the magic wandthat's all there was to it.
Next, the airlines office. Several agents sit behind a counter, each

operating a keyboard with a TV-like screen. Millie recognizes these
keyboard-display units as "terminals," all connected to a central com-
puter reservations systemt She frequently uses a similar terminal in her

-work, although hers is 'connected to a different computer.
..

"May I help you?" inquires an agent.
"Yes," Millie replies. "I'd like a round trip ticket to Oklahoma ,City,

leaving tomorrow night with open return." The agent checks a flight ,

schedule. .
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Ite
t/ ig. 1-2 Computer termi-

Rale speed up airline reser-
, vations.

"Is 4:45 Sunday afternoon O.K.?"
a"What time. does it arrive?"

"That's flight number 172, arriving at 'Will Rogers International
Airport at 9:10 P.M."

"Fine. Is there a coach seat available?"
The agent keys into the terminal the flight number, destination,

and date desired. In a second or two the status of that flight flashes on
the screen: five seats left in the coach section and nine in first class.

"Your name, please?" the agent asks, looking up from her screen.
"Millie Fogarty."
She keys in the name and class desired, and immediately the

screen flashes "CON'IRMFjD." As the agent starts to make out the
ticket, the control compute automatically reduces the number of coach
seats available on that flight to four; and adds Millie's name to the
passenger list.

Millie's bank is just down the street from the airlines office, so she
stops in for some money. She writes a check for $150 cash and hands it
to the teller. He picks up a telephone, dials the bank's computer, and
*ads the checking account number, speaking slowly and distinctly.:in
a few seconds the omputer responds in a mechanical voice: ..'The
balance in that ac ount is $340.14." The check is cashed. Hmmin,
doesn't leave much oney. in the bank to cover the bills routinely paid
by her bank's com ter each month. However, Millie knows her pay-
check soon will be deposited automatically in her account, so that new
white sports car is secure for another month!

13
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Lighthearted, Millie stops on her way home at a Howard Johnson
riftStel and asks for a reservation at the downtown Howard Johnson in
Oklahoma City. The desk clerk goes to a terminal which resembles a
large electric typewriter and types Millie's name, date of arrival, type
of room requested, ana the identification numberklahoma City
motel.,The terminal atitomatically typecp a confirmation for the room,
which the clerk tear§off and hands to Millie. .1

Sunday morning both Millie and the airline's computer are busy
preparing for the flight. The computer has stored information on all
available airplanes, with their maintenance resords, schedules, and
capacity; it also maintains a file on every pilot.and each cabin atten-
dant, with medical status, aircraft qualifications,. hours flown each
month, and personal and payroll information. So, while Millie packs,
the computer uses all this information to juggle the flights to be made
with the airplanes and crews available, and selects the most efficient
and economical combination possible for Millie's flight. Because of the
computer's homework, Milli will not find herself flying in a jumbo
jet from Los Angeles to Oklahoma City with only ten other passengers!

When Millie arrives at the airport she places her bags on a con-
veyor belt at the ticket counter. An attendant puts a tag on each bag
and gives Milliethe stubs. At the same time, speaking into his headset
microphone, he tells the computer the flight number and destination,
for the brigs. The computer,interprets the words he speaks and routes
the bags to the proper airplane on a network or conveyor belts.

In the control tower the computer, still working away on Millie's
flight, gii.es the air traffic controllers at constant picture of the air traffic
in the area. Her plane is cleared for takeoff, and leaves safely and on
time. The landing in Oklahoma City is similarly smooth, even though a
thick fog obscures the airport. The plane is landed "blind," guided only

by instm _iits and the cockpit computer.
' Milli loads her bags into a waiting taxicab and heads for her

downtown motel. On the way, she notices that traffic appears to be
moving very smoothly, with few stops at traffic lights: These lights,
she senses, must be controlled by a computerized traffic control system.
She is correct. The traffic lights at 33 major intersections are linked to a

computer in the city's municipal building, Electronic vehicle detectors
in the pavement at intersections collect data on the number and speed
of cars and send them to the computer. The computer constantly
analyzes She data and selects the best signal pattern to improve traffic

flow and reduce the number of stops for all 33 intersections.

s14
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By the time Millie checks into her room, she is tired. There is a
good play in town, but she decides to wait and get a ticket for the
following evening instead. After she unpacks, she sees a card on the
television set announcing "in-room movies" on channel 5, for $2.00.
She calls the desk and asks the clerk to start the moviea new one
she'd been planning to seeand relaxes .on her queen-size bed to
watch. A computer handles the transmission of the movie to the TV set.
The clerk simply keys in the appropriate room number and adds the
$2.00 charge to the room bill.

The next day, during her coffee break, Millie goes to a Ticketron
agent in a downtown pharmacy to reserve a ticket for that night's play.
The operator keys in the date and the play. The terminal responds
that the play is sold out for both Monday and Tuesday nights' per-
formances, but Wednesday is O.K. She decides to get a ticket 'for
Wednesday. The terminal confirms by printing the ticket, which Millie
charges to her BankAniericard.

In her own state, Millie has used Ticketron to reserve space in a
campground, get tickets to football games and concerts, and even make
reservations for a wilderness canoe trip.

t

THE COMPUTER CAN . . .

AND SOMETIMES CANNOT . . .

Millie Fogarty, and you and I are surrounded by computers, but how
often are wsreven aware of their influence? Sometimes we perceive
that transactions are quietly being speeded up or new services be-
coming available, and sense that computers are there serving us,
slavelike. Sometimes there is a "foulup," and a poorly programmed
computer causes us moments of frustration or irritation. But, whether
realized or not, computers have become an indispensable part of our
daily lives, used and depended upon in much the same way as we
depend on our telephones and automobiles.

None of the ways computers were used during Millie's marvelous
journey are fictitious. Not only are computers being used in all of these
ways, but in ways even more marvelous.

The new age of the computer has been called by some the second
Industrial Revolution; by others, the Computer Revolution or the
Cybernetic Revolution. The first Industrial Revolution, in eighteenth

15



Fig. 1-3 Change in division of total horsepower
hours as a result of first Industrial Revolution*

century England, had a tremendous impact on society. Machines re-

leased humans as beasts of bider-. They amplified and extended the
power of human ( and animal) muselIs and led to a dramatic upheaval
in social and economic structure. The implications of Fig. 1-3 perhaps
express this clearer than words can tell. .

We are living through a similar upheaval due to the advent of the
computer.f Computers do for the brains of men and women what

machinery did for their muscles=they amplify and extend human
power. Computations that people would find tedious, time-consuming,
and repetitious are carried out quickly and effortlessly by the machine,

with no errors.
Although the impact of this upheaval has been recent, the com-

puter really is not a unique development of the twentieth century. A
long history of developments, beginning 3,000 years' ago with the
abacus, is behind this development. Early in the seventeenth century,
a device for multiplication was-developed, and shortly afterward the

° Data from -W. H. G. Armytage, The Rise of the Technocrats: A Social History
(Toronto: University of Toronto Press, 1965).
t For some thought-provoking discussions of this upheaval, read The Computerized
Society by James Martin and Adrian R.D. Norman, Prentice-Hall, Inc., Englewood
Cliffs, N.J., 1970; or Computers and Society by Stanley Rothman and Charles
Norman, Science Research Associates (a subsidiary of IBM), Chicago, Ill., 1970.

9

16

/



I

It

10 The computerized society

Fig. 1-4 People may work for years to solve a prob-
lem which a computer can solve in seconds.

slick rule. The first true calculating machine was invented in 1642 b)
Blaise Pascal. The principles used in Pascal's computer are still used
in computers today. A machine to mechanize trigonometric and astro-
nomical calculations appeared in 1694. The idea of using punched cards
to supply information for controlling machines also was developed in
the seventeenth century. Charles Babbage, a British mathematician
whose name is usually linked with the development of the first modern
computer, relied upon these historical concepts and developments in
building his prototype computing machines. From his work on these,
he then developed the idea for the first modern computer; but his work
lay forgotten because the necessary technology to build the required
gears and other mechanical parts did not exist. Therefore, it was not
until a Century later that work continued. Then electric circuits were
used instead of mechanical devices.

The modern computer, based on electronic rather than mechanical.
or electro-mechanical principles, is a product of the twentieth century.
But all the components of this modern development already existed:
the memory unit, for - information storage; the arithmetic unit, for
mathematical calculations; and the control unit, for translating infor-
mation into a form the computer can read.

Many good and certainly more detailed histories of computer
technology exist. A suggested one is A Compfyter Perspective, by
Charles Eames, published in 1973 by the Harvard'University Press.

17
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Let's consider why people wanted to develop computers in the
first place. What are they uniquely capable of doing that can help
humans? The computer can -

do arithmetic in billionths of a second;
solve complicated problenis with never an error;
work without break at a task for hundreds and hundredS of
hours, no matter how boring or repetitive or difficult it might lie;,
store vast quantities of information and retrieve it instants-

. neously;
solve ( theoretically) any problem for which all necessary deci-
sions and variables can be defined arid stated in quantitative
(numerical) terms.

This. last capability brings us also to consider what a computer's
, limitations are. When we specify decisions of a definable and quanti-
fiable 'Attire, what do we mean? The decision of whether or not a
person is eligible to try out for the position of violinist in your city's
symphony orchestra is one which a computer is capable of making. All
variables are quantifiable. A person is eligible if he or s e 18,

haOtaken violin lessons for at least foil'. years, has previously p ayed in
iian orchestra for at least 'one year, and is willing to devote ten hours

per 'week to orchestra rehearsals. If the numbers all fit, the person
passes.

Hoivever, selection for the orchestra from those eligible cannot
be done by a computer, for this is a decision that must be made by a
musician with a highly trained ear. The factors (or variables) bearing
on the -decision in this case are purity and quality of tone, finge
dexterity, rhythm, timing, abilik to read and interpret music, and tie
quality of 'performance of all others auditioning at the same time. .

Obviously, many of these variables cannot be quantifiedthat is, auto-
, matically stated in terms of a number. Rating depends; instead, on the

personal judgment of the listener. If seven different listeners judged
the performer; seven different rating scores might be assigned.

What kinds of things cannot be quantified, then? Perhaps medical
diagnosis? We are accustomed to the notion that it takes the iptcticed
eye and trained intuition of a real live, doctor to make an accurate
diagnosis. Yet, computers have been programmed to interview patients,
analyze the results of lab tests, and finally make a diagnosis and recom-
mend treatment. The computer diagnoses have been as accurate or
more so than those made by doctors seeing the same patients!

O
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o Perhaps a decision like Who gets welfare payments?" should be
made by humans. Yet, all requirements for eligibility cambe quantified
easily. Even decorating an office building can be quantified; decisions
on color, style, and arrangement of furniture can be made by a com-
puter, based on the number anetype of occupants of the building, the
type of businesses housed in the building; the climate, number 'and
placement of doors and windows, and so on. Whether dr not a person.
likes the decor, however, is purely a matter of individual taste; just as
it would be if an interior decorator planned the whole thing.,.

It seems, then, that decisions that cannot be acceptably quantified
are thosethat have to do with the aesthetics effect of a work of art
( a painting or a symphony, for example), individual taste, or personal
values. Can you think of others?

The power of the computer to relieve people of. tiresome or com-
plicated me?Ital work has lea some to make comparisons between the
computer and the human brain. The computer can do more arithmetic,
in one second than a person can do working 40 hours a week for 11
years. But the human brain can store 100,000,000,000 times more infor-
mation than the computer. Such comparisons are unfortunate, because
they lead many to the conclusion that the main differences between
peoples' brains and computers are in speed or memory capacity. They
ignore the human ability, for example, to interpret the meaning of.

spoken words through facial expressio gestures, past experience, and
emphasis, or the human abilities to andle unforeseen emergen :ies,
produce new ideas, establish values, select goals, establish and main-,
tain emotional, relationships, and make sound judgments based partly

`on intuition."

Consider the five-year-old girl who unexpectedly found herself
he* a witness to'a kidnapping, in the playground of a neighborhood park.

She knew :'instinctively" that the two men who forced a protesting
child into A car were "bad" men. How? She sensed that it was inappro-
priate for men dressed like the kidnappers to be in a childrens'
ptayiround. She remembered the warnings of her parents about
strangers. She took in information from many sources at Once (saw theL
frightened look on the child's face, heard the gruff commands of the

, \ kidnappers, witnessed their rough handling of the child, heard and,
saw the hasty getaway, observed the color and type of car). The girl
processed all of this information instantly, and she was able to coin-
,municate these facts and perceptions to police officers when she io
for help.

4
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While this may not seem to be an amazing feat for a five-year-old
child, getting a computer to.perform similarly would boggle the mind

_of a computer programmer! To accomplish the same task, a computer
would have to be capable of receiving diverse information by seeing
people and:actions and hearing sounds and voices. It wouldhave to
simultaneously retrieve pieces of information from meinury, interpret
facial expressions, gestures, and tone of voice; and senr"what is ap-
propriate" based on-past experience all in the space of a few seconds.
Then it would have to judge what action to take (let help!) and be
able to report all that happened on demand. While all of ,this tnay
someday be technically possible for computer, it would require a pro-
gramming effort of such magnitude and complexity, and machinery of
such refinement and sophistication, as to make the task overwhelmingly
forbiddingnot to mention expensive!

Obviously, we are not going to waste much effort endeavoring to
create the mechani9al equivalent of a-five-year-old child, let alone an
adult_human being. The kinds of things we can and do use computers
for are considerably simple-r and-more-practical.

What kinds of things then can be called limitations of the com-
puter? Some rather fundamental ones are these:

For eve,n some relatively simple problems, setting up the com-
puterjo solve them requires high costs and long delays. For
example, preparing a computer to do what the five-year-old
child did in recognizing a crime and observing and reporting
relevant details would require a tremendous effort and cost.
The results would prObably be inferior to the child's perfor-
mance also.
Even though computer costs have steadily decreased, many
potential applications are too costly for computerization.
As efficient as a computer is, it cannot be "creative" and itself
discover ew way's to solve problems more effioiently. It can
only solve roblems according to the carefully structured way
it' has been Kogrammed.
A computer chn work only with exact quantities. It is helpless
in dealing with "maybe," "a little bit," "usually," "I'm not sure
yet;" or "tall, dark, and handsome." A computer must be told
exactly how many inphes is "tall," and the length of nose,
texture of hail', weight, thickness of eyebrows, and other charac-
teristics which make a man "handsome."

2U
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Fig. 1-5 People can think,
imagine, and create new
thingscomputers can only

jrocess data according to
instructions.

A

it- is important to consider that, just as advances in technology i
have overcome some former limitations, so, might these limitations be
minimized in the future.

Projected or hypothesized uses for the computers of the future
will also require human beings to ponder some very important issues.
These include protection of individual privacy, computerized control
of human behavior,* and how best to utilize the increased leisure made
possible by computer automation. We are faced with the necessity of
controlling the uses of the computer so as to improve the quality of life
rather than to increase its problems.

THE COMPUTER
IN THE WORLD OF WORK

Iri spite of the limitations of computers, there are virtually no areas of
activity ih the world today that have not been influenced "y the corn-

Such a technologically possible tuation is the subject of Michael CriEhton's
fascinatingand frighteningbook, Terminal Man, Bantam Books, Inc.; New
York, 1973.
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puter to some extentoften to a very great extent. You cannot get
through a .normal day without being touched by this influence many

_times, whether or not you are aware of it. If-you receive mail, order
' bookeattend classes, use the telephone, take medicine, eat food pur-
chasedin supermarkets, have a driver's license, watch television or
listen to the radio, shop in department stores, travel by train or air-

plade, use a credit card, write checks, apply for a job, have a savings
account, read the newspaper, use the library, or apply cosmetics, you
already depend on computers, and information files are being built

now,abo it you now based upon that dependency.
Because of the influence of the computer; there have been pre-

dictions that as high as 50 percent of all jobs available ten 'years from
, .now will not have even existed today. Whether or not, this is an accu-

rate prediction, we can be sure that most jobs will be influenced by
computers. .4 ,

Let's take a closer look at some of the areas in which computers
, are helping men and women to do their jobs better, or- freeing them

for more enjoyable activities.

Science

It is in the areas of scientific research, engineering, and space
science that computers have had the earliest, greatest, and most con-
stant impact. No scientist worth his or her test tubes would consider
doing important scientific research without a computeras basic and
essential a tool, now, as a microscope. The computer has made possible
experiments of greater complexity than ever before. In some cases, it

even eliminates the necessity of doing experiMents, as the computer can
"shin date" complex scientific procedures. Some scientific. research
simply cannot be performed at all without such a simulation.

Fot example, the energy crisis has prompted a serious search for

ways of generating/thermonuclear power. Astrophysicists, therefore,
have increased their studies of nuclear reactions and other events
that take place inside stars. Obviously they cannot make stars in.their
laboratories in order to study them, but they can and do use the com-
puter to test possible models of star interiors. The experimenter can
provide hypothetical information to the computer about the materials
in each part of the star, the reactions taking place, and the flows of
heat and radiant energy between _each part of the star..The computer
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calculates and reports the results of the reactions occurring in each
part of the star, the effect on every other part, and finally the effect
of these reactions on the outer bou"ndies of the-simulated star.

Every product as well as Bach part in a. product must be desiNed
before it can be manufaCtu'red! The yt)mputer. has become an amazing,
tool engineers and designers in this capacity. Chemical engineers
designing plastibs, for example, can analyze on the computer the com-
binations of chemicals they think are needed before they ever begin.,
to produce the plastic material. Electrical and mechanical engtneers
can also use the computer to produce a model of a process and check
its accuracy and reliability before it is used. Designs which used to
.take engineers hours to draw are now done in seconds by a computer.

The future genei.ation of computer experts will work with engi-
neers to design computer equipment to improve designing and drawing
methods. One computer tool now available, j called "SKETCHPAD,"
can already turn an engineer's rough draft awing into an accurate
design drawing right on a computer display s reen.

The Lunar Expedition Module (LEM hich took Apollo astro-
,

-nauts to the surface of the moon was controlled by an extremely
sophisticated computer,system. It accumulated, analyzed, and proc-
essed data,to keep the daft on a predetermined flight plan at all times.
I t space flight, navigation is more difficult than simply flying an aircraft
between two fixed points on earth. This is because the destination
(moon) and the point of origin (orbiting spacecraft) are both moving
rapidly. The computqr must constantly recalculate trajectory and adjust
the controls to keep the module on course.

A recent NASA plan is to develop a robot that will be able to roam
Mars with little guidance from Earth, 'avoiding obstacles, selecting
subjects for photographs, finding interesting geological samples, and
performing chemical analyses on them. Since it takes twenty minutes
for a radio signal to travel from Earth to Mars and back again, a robot
with its own self-contained computer could gather and process more
data with greater efficiency than could one that depended on receiving
each of its commands froni Earth.

When Mariner 9 reached Mars in 1973, it sent 7,200 photographs
back to Earth, so' that scientists could study changes on the surface of
the planet. Analyzing the photographs was an overwhelming task made
manageable liy the computer, which stored, classified, organized, and
compared each photograph. Scientists were,then able to study photo-
graphs taken of the same region at different times to discover changes,
that had taken place in the planet's surface.
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Business and finafice t-

')` I \At first, the business world used computers as super-clerks. Only

- ' routine record keeiting, ancitaiks such as calculating salary checks or
sending bills to customers, were' assigned to_the computer.

k% More recently, the computer serves-as the heart of an "information
!
, system," in which all aspects of a business are interrelated and cross"-

indexed. This provides immediate information to help managers plan
ana make decisions. .

..... 1 4? The ,capacity of the tomputer to accurately store and, etrieve .,
masses of information-makes it possible for businesses to manage the

I. -'fir' vnerous and increasingly complex types of information generated
daily in business operations. , i

The computerized cashless, checkless society may soon be a reality
if the plan of the Federal ReservesBoard.materializes. Anticipating in ''
impossible overload of 48 billion checks per year by 1980 (double th
number of checks written in 1971), the Board proposes an :electron'
banking system. It would be comprisedof a central bank With'44 h e

computers around the country to handle the load. If.banks co perate,
the number of checks written could shrink -to a mere 29 bil n by
1980. As a step in this direction, paychecks could be 'eliminated cal

employers began to transfer money electrgnically directly to the em-
ployees' checking accounts. These employees, custorhers of the bank,

. would preauthorize automatic payment (without checks) fo? such
item,s.as insurance premiums, utility bills, and new white sports cars.
Thus, the normal monthly bill-paying would be handled autouraticahy
andelectronically. Such a bill- paying system is'ualready in operation in

most of Califoimia'stbanks,..and. other banks around the country are
gradually joining. The Fedeial Reserve Board's 44 computers, once

... installed, would tie all. commercial banks together in a centralized
network.

The next step in eliminating checks is also already in operation in
many locatirons: the'installation of electronic "point-of-sale" terminals,
or electronic cash registers, in retail stores such as. supermarkets, de-

. part-pent stores, and even small businesses. When Millie purchased her
medium -sized black suitcase, she encountered such a terminal. Ac-
tivated by a credit card, the terminal automatically charges the cus-

'tomer's account and van automatically credit the merchant's account
at the bank. . , .

m.In 1973. the grocery industry made pro'gress on this last step by
implementing a standard Universal Product Code (UPC) f r marking

The computerized society 17
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supermarket products. Soon, markets will belable to link all tfieir check-
stands to a computer. The checker pulls' each item across a scanner
imbeddedima slot in the checkstand, then drops the Item in d bag. The
scannetreads the .UPC code on the label and transfers all information
to the computer. Once again, the customer's account can automatically
be charged and the grocer's account credited for the total amount of
the sale. Such a system can speed up checkout time' by half. By the

`cad of 1975, .most grocery items will be marked with the UPC, and
many markets will be turning to electronic computer-linked point-of-

.. terminals.
A system even more convenient was launched in 1973 in Louis-

ville, Kentucky. Called Call-a-Mart, families may join for a $5 fee.
Shoppers place orders by telephone, using code numbers from a cata-
log. A Call-k.Mart operator keypunches the order into cards, which
are then reArtinto a computer. Workers along computer-guided con-
veyor belts fill the order. The computer also picks the best delivery
route from store to shopper, and registers the moat convenient time
for the shopper to receive and pay for the groceries..

Antiquating the traditional cash register approach in another way
is a system which can actually recognize the ipoken names and prices
of grocery items, display them for the customer, and then print a
receipt. Threshold Technology Inc. calls this recent development the
Voice Activated Checkout System.

A new kind of executive using the computer is the farmerno
longer a folk hero, but an agribusinessman. One 15,000-acre farm in

is Fig. 1-6 Clerks use read-
ing wards at point-of-sale
terminals for, faster and
more accurate checkout
service.
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Fig. 1-7 From this boring assembly line to stream-
lined,automated process

S

California and Aiizona is hooked by terminal to a computer in Houston,
Texas. This computer prodbces monthly reports analyzing, by area
and by crop, such variables as fertilizer, 'cultivation, tree replacement,
insect control, equipment cost, and harvesting. Planning is guided by
twenty-year projections also supplied by this computer. Centralized
electronic consoles direct the watering system for the farm's 26 dif-

ferent crops.
fp Colorado, a 35,000-animal cattle feed lot uses a computer, to

automa. ,?ly calculate, blend, and dispense the proper proportions of
food to each feeding pen. In Pennsylvania, a computer has helped to
double the milk output of a quarter million cows through computer-
guided selective breeding. In Iowa, a crop-planning 'computer tells

farmers how many acres to plant of corn or soybeans in the spring, and

helps them plan for farm enlargement or reorganization.

Industry

'The potential for "cybernation"total automation and control of
formerly manual tasks is greater in the field of industry than in any
other area. Industrial processes that transform raw material to finished

product use machines that require constant monitoring and control.
This can be efficiently and economically assigned to a computer.
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Automated control of machine tools and of the process equipment
used in the chemical and petroleum industries is perhaps the biggest
application of computers in industry. A large computer may monitor
the consistency and potency of a batch of chemicals to catch
crepancies. It may control the operation Of a machine-fool:by precisely
positioning the tool for cutting or drilling, and then handling the
cutting.

A useful team of human and machine seleeti parts from the 46,000
items in the Caterpillar Tractor Company's hilge Denver warehouse.
When orders for parts come in, a vehicle with a person inside is auto-
niatically guided by a computer down tjte correct -aisle and raised to
the correct bin, where the operator hand-picks items (since people can
still pick and grasp different shapes, better than can machines). The
systfm allows employees to accomplish more work and get more rest
time.

' Entire manufacttiring operations could eventually be taken over
by airdin-Ved-doritiol§. Ritir-nrielal rolled in at one end of a football-
field-sized plant would be treated, formed, cut, packaged, and then
rolled out the other end as safety pins ready for sale without the touch
of human hand.

In spite of this p/teritial for automation in both, accounting and
production, over half ;the labor force.is still employed in industries that
are not automated. The .concern that computers would put people out
of work apparently is unfoundedwhile some ),,voikers are displaced,
new jobs are created and some of die old jobs change. In the fully
automated industries (such as petrochemicals) assembly-line drudgery
no idnger exists. In contrast, workers must now exercise more control
and responsibility than they did on any assembly line.

Education

Today's school administrator finds ways to use the computer in
scheduling. 'classes, forecasting school budgets, and even planning
schoolbus routes. Like any executive, she or he has long since com-
puteri2ed routine accounting, payioll,.and record keeping jobs. Uni-
versity administrators find the computer to be even moreindispensable,
dealing as they do with the same tasks on a larger and more complex

ascale, and making long-range plans in time of tight budgets and de-
creasing enrollments.
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is in the instructional area, however, that the most exciting
things are happening. In a classroom where the computer is a fully
accepted and utilized instructional tool, you may observe the following

scene.
Several students are gathered around a clattering typewriter ter-

minal, arguing over how they should respond to the computer's ques-

tions. The program they are running simulates the dumping of organic
wastes-into their water supply. They are studying the effects of such
pollutants on various bodies of water. The students tiecide what type
of water, waste, and treatment they want to try out, and the computer
tells them the results. The printout on the following page shows the
computer's response to a particular set of data. (Student input and
responses in this and other similar examples are. underlined.)

Fig. 1-8 Students find classroom work expanded by
the use of computers

28
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WATER FOLLJTIOH STUDY

INSTRUCTIONS (1TES. CeN0)11

IN THIS STUDY YOU CAN SPECIFY THE FOLLOWING CHARACTERISTICS1

A. THE Kier OF BODY or WATERS
le LARGE POND
Be LARGE LAKE
3. SLOW-MOVING RIVER
4. FAST - MOVING RIVER

B. THE WATER TEMPERATURE IN DEGREES FAMPEAKEITI

C. THE KIND OF WASTE DIPPED INTO THE WATERS
I. INDUSTRIAL
2. SEWAGE

D..TNE RATE OF DUMPING OF WASTE. IN PARTS PER MILLION (PPM)/DAY.

k. THE TYPE OF TREATMENT OF THE WASTE,
0. NONE
1. PRIMARY (SEDIMENTATION OR PASSAGE THROUGH FINE

SCREENS TO REMOVE GROSS SOLIDS)
S. SECONDARY (SAND FILTERS OR THE ACTIVATED SLUDGE

METHOD TO REMOVE DISSOLVED AND COLLOIDAL
ORGANIC MATTER)

BODY Or VATENt2
WATER TEMPERATURET35
KIND OF VASTElt
DUMPING RAT 011
TYPE OF TREATADITIO

DO YOU WANTS A FRAPH(1). A TABLE(2). OR BOTH(3)TI

AFTER DAY THE PISA BEGIN TO DIE. BECAUSE
THE OXYGEN CONTENT OF THE WATER DROPPED DEWY S P.

0...OXYGEN.SCALE....5...OXYGEH.SCALE...10...OXYGENSCALE...15
0..VASTE.10..SCALE.20..WASTE.30..SCALE.40..VASTE.50..SCALE.40

DAY
O

2
3

S

v
vv

W
W o

0
O

o

W 0
W 0

9 V 0
10 V 0
11 V 0 ,
12
13

V
V

0
0

THE WASTE CONTENT AND OXYGDI CONTENT WILL REMAIN AT
THESE LEVELS WEIL ONE OF THE VARIABLES CHANCES.

ANOTHER RUN (1YES. 0.MO)TO

Fig. 1-9 Sample output
from science simulation
POLUT*

At another terminal a student is busy learning some scientific
terms, and actually enjoying it! Here is the conversation she is having
with the computer:

° Program POLUT is available in the "Huntington H Simulation Package
POLUT" from Digital Equipment Corporation (146 Main Street, Maynard,
Massachusetts).
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WHAT IS YOUR FIRST NAME? MARY

YOUR ASSIGNMENT MARY* IF YOU ACCEPT. IS TO CORRECT
UCERTAINrautas IN THE CELLS 0 r_O R MOST FAMOUS SCIENTIST.

DOCTORS HAVE NOTICED A 'AMUR* IN HIS ENERGY PRODUCTION
SYSTEM. TO VH3 CH CELL ORGANELLE WILL YOU DIRECT YOUR
MIN 1SUBMAR IN E t

I RIBOSOME
2 MITOCHONDRION
3 GOLGI BODY

CENTR 10LE

TYPE THE NUMBER OF YOUR CHOICE? I

THE, COUNCIL HAS DECIDED THAT YOUR DECISION WILL NOT SOLVE
OUR PROBLEM SINCE THE RIBOSOME IS THE SITE OF PROTEIN
SYNTHESIS. PLEASE CHOOSE AGAIN.

TYPE THE NUMBER OF YOUR CHO ICE? 2

VERY GOOD! BUT WE HAVE A PROBLEM GETTING TO THE
MITOCHONDRION. WHICH OP THE FOLLOWING CELL
ORGANELLES SHOULD PROVIDE THE BEST PATHWAY TO REACH
OUR GOAL?

Fig. 1-10 A typical interaction with a computer in-
structional program'

Two other students at a computer terminal are examining a screen
which displays pictures of the offspring of two fruit flies. They are
simulating experiments in breeding successive generations of fruit flies.
The students select hvo of the fruit fly offspring pictured to breed
again. Then the terminal displays the resulting new generation of
fruit flies.

Other students are taking turns using computer programs they
have written to quickly calculate the complex data they have gathered
during an experiment in their biology laboratory.

At the same time, terminals are in use in mathematics, social
studies, language arts, business education, and even in art and P.E. In
some of these classrooms, the computer is directly involved in com-

e James Friedland, "Computers in Secondary Science," Computers in the Curri-
culum: A Book of. Readings (Portland, Oregon: Northwest Regional Educational
Laboratory, 1974), p. 107.
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Male parent:
x male .

Offspring:

Female parent:
y female

fi
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If you want to use any of these flies again, you
must save them now. What do you want to do?

Fig. 1-11 Sample' print-
- out of a computer fly-breed-

ing simulation*

puter-assisted instruction, as in the examples given. In others, the
computer `nanages" instruction. That is, students are tested and
scored by the computer, which then writes a learning prescription for
each student, especially geared to- thia student's own abilities, needs,
and previous learning. The prescription tells the teacher and student
what lessons the student should study next. It may assign a television
program rather than a book if the student learns more easily that way.
After each lesson the student takes, another test, and the computer
reevaluates the student's progress and writes another prescription.

Such uses of computers can add valuable time to teachers' days,
freeing them\ for more individual tutoring or counseling with students.
When relieved of the duller aspects of teaching, teachers can also
spend more time individualizing a Program of instruction for each
student. With help of the computer, a teacher could have each
student proceeding at a different rate. The teacher would have more
time to work with individuals, wherever each student might be in the
course.

In universities, computers are also used for computer-assisted
instruction and computer-managed instruction. Here research is also
a major use. In most universities, computing is ,concentrated in the
three areas of administration, instruction, and research. Heavy em-
phasis is on research, where the computer is. an invaluable tool. Much
of the important research done in this country is conducted in univer-

"Computer-Assisted Instruction: Two Major Demonstrations," Science, Vol. 176,
7 9 June 1972.
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'sities, to such an extent that the university computing benters,have a

large body of "standard" computer programs to process the data and
statistics-generated in research activities-,

At least two dozen major areas of study-are using computers at

the university levelfrom architecture,idforestry to religion...Univer-

?sities used to include Latin as a mandatory entrance requirement. Nosy
several universities require proficiency in fit leastone computer pro-

, gramming languagesurely a more practical requirement in the 70's!

Medicine

For about $50 you can now receive .a complete physical as thor-

ough as the best $150 `checkup, in about two hours and without seeing

a doctor. All over the country, Automated Multiphasic Health Testing
(AMHT) centers offer a highly complex, totally automated medical

checkup.
At the first stop, the computer (through questions flashed oh a

display screen) quizzes, you to establish a "medical history." The

computer zeroes in on "suspicious" responseS and asks for more infor-

mation. For example, the question "Do you have pain?" might appear.
Simply by touching the screen at the appropriate point, you can answer

yes or no. If your answer is "yes," a nude body appears on the screen

and you are asked to touch the spot where, you feel pain.
The system also records the 'results of many fully automated -

medical tests. It includes those for blood pressure, lung capacity, hear-

ing, and electrocardiography. It also processes X-rays and urinalyses.

The computer then prepares a detailed report for your doctor, and
flags any.findings that seem abnormal. The doctor then schedules an
appointment with you to go over the report.

In hospitals' intensive care wards, nurses can keep close vStCh7

over many critically ill patients at the same time throujI a master

console at the nurses' station. A computer monitors all the "vital signs"

of each patient and instantly alerts- nurscs and doctors to any change

in heart rate, blood pressure, breathing, and so on.
Meanwhile, in surgery, a serious operation is underway. The

surgeon pauses frequently to check a display screen which provides

up-to-the-second information on the patient's condition: While the

operation is being performed, a huge number. of values are collected

and analyzed, and a built-in signal warns the surgeon of critical situa-

tions.
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One of the most amazing modern developments in medicine is the ,

transplantation of organs in the human body. You are probably most
aware of heart transplant operations in which a person with a fatal
heart condition has the damaged heart replaced with a strong one.
What you may,not know is that much of the research leading to heart .
transplarits was processe&by a computer.

Did you know that a computer can read heartbeats and can report
heart defects? In one scientific experiment, "phonocardiograms" were
taken of several hundred children in order to gain, knowledge about
irregular heartbeats. oIt was a comptiter that organized and analyzed
t 'he -data. A computer can listen to hours and hours of human heartbeat
more efficiently (and certainly more patiently) than a ,doctor, and
greater numbers of individual heartbeats can be analyzed by the com-
puter. Scientists and doctors hope that this research will allow a'dootor
to diagnose a heart problem immediately. Thus lifesaving treatment
can begin more quickly.

A computer in Bristol, England, has taken over the task of match-
ing donated kidneys for patients awaiting a transplant. There is a
severe shortage of donor kidneys, and the time between known avail-
ability and the transplant operation can be no more than 16 hours;
ideally it is less than 10. Therefore, the service must operate 24 hours
a day, 365 days a year. The computer centralizes tissue-typing infor-
mation on all patients needing transplants in about 250 hospitals and

. compares it with similar data on the donor. The better tl match, the
less likelihood of rejection of the transplanted kidney. In less than 15
minutes from the time of the telephone call announcing an assailable
donor, the computer lists the ten best matches nearby, notes the quality
of each match, the degree of urgency on the part of the waiting patient;*
the blood group, and other relevant information. A national. labdkatory
then chooses the recipient from thdt information and arranges to get
the donated kidney to the waiting recipient.

Brain research is another area in which computers are used ex.
tensively to store and to analyze dita. The complex mathematical
calculations involved in the reading of brain wave patterns takes the
computer only a few minutes to accomplish. It would take several years
for a single human'being to do the same thing.

Some psychiatrists are now even installing computers next to the
couch! A computer program has been developed, to collect patients'
psychiatric histories, through questions displayed on a-screen. Like the
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interviewing computer in the AMHT, this computer collects and
analyzes much from the responses the patient types in. It even identi-
fies those patients who are likely to attempt suicide.

Government

At allievels of government, the computer helps to reduce bureau-
cratic 'inefficiency and save tax dollars. For example, in Nashville,
Tennessee, computers plan more efficient routes for the city's garbage
trucks, reducing the number of trucks and routes needed, saving time

and half a million dollars a year. In Arcadia, California, a .computerized

master plan is planning for sewer requirements now, to prevent future
overloaded sewers in this rapidly growing city.

,),In cities, computers, are used to control traffic and transportation,
collect and disseminate vast quantities of information, and help plan

for the future. Computer simulations even help in designing altogether
"new cities" of the future.

As society grows increasingly complex, it becomes impossible to

govern ourselves effigientlY without the help of computers. Various
departments of government (like the state departments of motor

vehicles, public utilities departments, social service agencies, educa-
tion agencies, and the police departments) collect and store duplicate
data. With proper. use, the comptiter can (and in some states, does )

centralize all records in a true "information system." The "National
Data Center," which proposes such.a system at a national level, would

collect many of the overlapping files maintained by different federal

agencies in a central computer system. The possible savings in cost and

effort are obvious. However, whether Congress ever approves such a
significant undertaking depends a great deal on whether acceptable

guarantees for individual privacy can be worked out.
Politicians depend on computers to help them get elected. Com-

puter simulations can forecast voter behavior in time for candidates
to change their tegies before the election. Computers can predict

the outcome o an 'election with great accuracy long before the time

the final ballo. have been counted.
And how are those ballots counted? By computer, of course. In

most elections today, some kind of computerized voting system is used,

to meet the demand for speedier returns. In the past, ballots were
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laboriously hand-counted, precinct by precinct, and the results of-an
election often were not known for days. Even then, the hand count was
subject to errors, and recounts were sometimes demanded by defeated
candidates.

Now, a "voting machine" might be used. Voters mark their X's in
premarked boxes on paper ballots, which are automatically read and
counted by an electronic mark reader. The results for an entire precinct
are then recorded oh a single punched card which is delivered to the
central computer.

Another method uses a card as a ballot. Voters use a stylus to
punch a hole corresponding to an X in a box for each candidate they
wish to vote for. All the individually punched card ballots for each
precinct are collected and delivered,to the central computer for count-
ing. Either method is less expensive than manual counting systems,
and obviously faster and more error-free.

Law enforcement

Automation in law enforcement is badly needed and is proceeding
fast. In this country, serious crime is up.460 percent in the last 30 years?
,While the population has increased only 5(1 percent during that time.
By 1980, 50 million Americans will have criminal records.. The most
effective method of preventing crime is the threat of rapid apprehen-
sion of the criminal. The computer is making it possible for immediate
apprehension ( through immediate information) to become a reality.
Consider the following true-to-life incident:

A police officer stops a car in a high-crime area at 4 A.M. The officer
questions the driver, who behaves in a very nervous manner. The
policeman is unsatisfied with the answers he gets, and suspicious
because the address on the man's driver's license appears to have
been altered. He radios his dispatcher at police Leadquarters for
information on the man.

The dispatcher faces a TV-type display terminal and keys in the
following: "Johnson, William E., White male, 430B 10/3/39, re-
sides at 416 S.W. Tyler St.". Immediately, data on four William
Johnsons is flashed on the screen, but none of the birth dates or
addresses match.

5-



.0

The _computerized society 29

The officer returns to the car he has stopped and asks the driver
for more identification. Thig time,. the suspect comes up with a
credit card from i local department store, with a=clifferent address
than is shown on his driver's license. The new data is called in and
the dispatcheir sees that the address matches the third William
JohnsonAhovhi on the screen. knmediately, the dispatcher re-
'quests the total record for this man and informs the officer that
the man is wanted for robbery. From the time of the initial call to
the moment the man was placed under arrest, 60 seconds had
elapsed.

In Palm Beach County, Florida, sheriff's officers in 30 patrol cars
have dashboard terminals with display screeps. When stopping a car,
the officers can get a "vehicle check" in less than 6 seconds by keying
in the license number. Before leaving their cars Abe officers have com-
plete information on the car and its registered owner. If there is any
dangerif the car is stolen or the' owner is wanted for a crime, for
example--the officers will be forewarned. Through the same terminal,
they have instant access to criminal and police records in the local

.41

Fig. -12 A computer vehicle check from a patrol-car
terminal
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computer, the state Crime Information Center, and the National Crime
Information Center in Washington, D.1?,,

..
Even with police officers busy tracking down criminals, tike aver -

age person driving to work still may not get away with exceeding the
posted speed liniit. A computerized, unmanned milt operating auto-

,, matically day and night may catch the speeder anyway! This- device,
developed by an aerospace corporation, is set by a police officer for

-maximum and minimum speed limits: If a vehicle crossing a sensing
device is traveling too fastor even too slowan automatic mera
is triggered. The camera takes a clear photograph of the c r and
driver, and the computer superimposes the speed, location, time, date,
and posted speed limit on the picture:

In spite of the tremendous inprease in crime information, police
departments continue to improve their speed and efficiency in using it.
How? Through computerization of files and the instant, retrieval of
information from these files -which is made possible. The "moniker" file
is an example. Criminals often use a nickname or alias and a witness to
a crime may Overhear it. Individuals may then be identified by search-
ing the computer file for all records which include that nickname.
Then the description of the suspect is matched with the physical char-
acteristics listed in the retrieved records.

, The "M.O." file is another example. Many criminals follow a con-
sistent method of operation, or "Modus Operandi." A burglarf for
instance, may always choose wealthy homes without servants always

k,,,between 2 and 4 A.M., always enter through a basement wind\ W and
always steal, silverware but never jewelry. The computer could sea rch
the M.O. file to retrieve all criminal records showing this pattern.

Even the fingerprint file has been automated. The FBI file contains
04* over 16 million different sets of criminal prints and 62 million more sets

of civilian and military prints. Every day the FBI' receives over
10,000 sets of fingerprints from arrests. The FBI must classify each set
and search for a.matc11. Because .of the number of prints in the file,
manual metlidds are very time-consuming. Computerization of this
process contributes to speedier identification of suspects and appre-
hension of bungling butlarsand thus, hopefully, to the prevention of
crime. -

Investigations of crime activity can sometimes become boggled
from an overload of information. The Senate Committee which in-
vestigated the "Watergate affair" finally resorted to computer, for this.
was the only way the mass of information could be handled. 'Once
organized and stored in the computer, it was possible to retrieve- the..,.
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information alphabetically, chronologically, Oa by name and topic.
tie computer system responded swiftly to queries during the investi-
gatiye. heal-hip and then assisted committee niembers andattorneys
in writiog their report to Cohgress.

o

Transportation
- ,

The airlines industry has become virtually dependent on cbm-
puters. They not only handle ticket reservations, but help *monitor and
control air traffic in the air and on the airstrip, make up routes and
schedules, assign crews and equipment,schedule regular maintenance
on aircraft, and even handle and route baggage. As you know already
from Millie's experiences, 'most airlin 'companies have ticket reserva-
tion syskas. These are designed to handle tens of thousands of pas-
senger reshvationi a day. Information is usually stored in a very large
central computer (in New York, for eicample) with remote terminals
in airline offices all over the world. A reservation clerk needs only to
puslk a few buttons on a console to complete a flight reservation. .

In aerospace, even more astounding is the paSt and present re-
search in airplane prodUction. The structure and hence the operation
of jet airliners has become so complex that a computer is needed just
to navigate one into an airport. Pilots seldom single- handedly maneuver
a large jel into a landing, because at some point the flight operationlis
set to computer control.

With the 'rising price of airplane production and *I, for flying,
aerospace experts decided to cut costs if possible by finding more'e-co-
nomical flight plans. They designed a flight plan system 'which could
analyze the best course for.each airplane to take, based upon current
wind velocity and direction, temperature, and other factors. Since every
five minutes of flying time costs about $150 in fuel alone, airline officials

found the minutes saved made designing the system worthwhile.
While we might expect automation in an industry as comple*as

air transportation, it is sometimes surprising for an earthbound traveler
to encounter a computerized transportation system while, say, driving
to McDonald's for a hamburger. In our nation's capital, for example
(and in several other cities), a computerized traffic control system"
similar to the one in Oklahoma City monitors the flow of traffic and
automatically triggers the street lights at. key intersections to provide
the smoothest possible traffic flow. At the same time, 450 of the city's
buses are equipped with radio transmitters to link the driver to the

I
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central traffic control computer. A driver may request a series of green
lights by pressing a button. The computer scans the traffic in the area
and, if the request is justified, sends commands to all the appropriate
street lights. Such a system clearly could have implications for the
environment as soon as city dwellers learn that buses can speed them
more quickly through city yaffic, they may leave their cars in their
garages and thus help to reduce pollution!

In England, the Department of the Environment has experimented
with a driverless taxicab they call "Cabtrack.".This four-seated vehicle
is guided automatically along tracks. Passengers buy a magnetically
encoded ticket at a cab stop and insert the ticket in the vehicle, which
is then automatically directed to the required station.

If you decide to drive your own car, you may pull into a service
station to find the friendly attendant replaced by a computer running
the station on a 24-hour-a-day shift. You pull in, insert your credit card
in the computer, get your gas, and receive a bill later (unless, of course,'
the credit card you insert has been listed as stolen or invalidin which

-case the computer keeps it).

Art and poetry

Although the computer cannot invent, create, or imagine, it can
'nevertheless be a useful and important tool for the cieative artist. With

Fig. 1-13 Computer-
assisted art

.
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the help of the computer, artists are creating new and intricate works of

art. Many of these have received the acclaim of critics.
Artists have long recognized mathematics as an important basis

for artistic concepts such as repetition and proportionhvo of the tools
of computer art. A computer with a graphic-display-screen terminal can
be programmed to generate, one after. another, an endless series of
mathematically graceful and pleasing forms. A person sitting at the

terminal can become spellbound by the appealing and continually
changing abstractions.

Computers and People magazine sponsors an 'annual Computer
Art Exposition and publishes some of the best drawings. In Fig. 1 -13

is an example fi .n the August, 1973, Exposition which illustrates the
variety of forms that is possible.

An artistic endeavor in which the computer has not been subject
to as much critical acclaim or acceptance is the writing of -poetry. You

can see why, reading the computer-produced poem entitled "The Medi-
tation of IBM 7094-7040 DCS":

0 poet,
Blush like a rotted skin;
Brighten like a. dusty tower;
Wail like a happy earthworm;
Dream like an enormous flood;
Tremble like a red locomotive;
Flop like a damp gate! . . .

The beaches are'praying.
Listen! How they stifle their

enormous lips! . . .

The river
Winks
And I am ravished.°

Or you may find more meaning in one of those in Fig. 1-14.

Recreation

Humans being human, it's not suprising that a major use of the
computer is for fun. Many a blackjack or football game has been pro-
grammed for human vs. computer play. Chess-playing computers are
no mere passing fancya computer vs. computer chess tournament was
held in Boston in 1972 to determine the computer championship. Al-
though the pl..yers were all rather bad, one has now been programmed
to "learn" from bad moves or mistakes and will not repeat its mistakes.
Scientists are placing bets now for the 1978 tournament.

M. Borroff in "Programmed Poetry," Time, Feb. 22, 1971, p. 77.
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GLITTERING SIGNS GLITTERING
WIC GLITURING BATTERS
NOWT NIONIWT. 03Nt GONE

NITNIGHT CHERRY HOLLOW
SAVAGE VATZRS WIRD DISTANCt
OLD SAKURAI GLITTERING

OLD THEM 'ALL DOW IN
AND GONE FAX SCARECROW FAR BATTLES
FAR FALL DOW NOLLOW

NtVtR DUSK THEN FROSTY
OLD THE TREES PM DOW HOLLOW
IN DISTANT WATERS

WIN GLITTCRIMO SONG
Welt WILLOW SILENT SCAWCRZW
PROBLINGS STILL STILL FROZEN

'" OLD SIGHT SCARECROW GONE
SAVAGE DAWN FALL THE SAMURAI
AND HOLLOW SAVAGE

Fig. 1-14 Computer haiku
poems

At the 1972 Olympics, stopwatches and tape-toting officials were
replaced by a computer. It determined placings, noted new records set,
and transmitted these to scoreboards and remote display stations in the
Olympic area and nearby Munichall within 2 seconds after each
contest had ended. In track, a light beam flagged the inner and flashed
it to the computer. owimmers touched electroniC ates at the finish
line. In field events, like the javelin or di us t w, a judge placed a
prism at the point of impact, which was hit y an infrared beam. Dis-
tances were then measured by the reflected rays and sent to the con-V-
puters via keyboard terminals, The computerized system was even ---
used by doctors to analyze urine samples for traces_oLdru- gsAtwas also
used by attendants at the-gaiiiii-to answer questions on Olympic his-
tory. A visitor typing in 'Who won the 100-meter dash in 1896?" would
get the computer response: "T. Burke of the United States in 12 sec-

Auto racing also can be computerized.- hi one system, races are
automatically scored, by a computer. When a race car crosses sensors at
the starting point of the track, a computer identifieeit and starts timing,
stopping when the car crosses additional sensors at the finish line.

Althoughrfortunately--you are not likely to find a computer in a
remote campground, computers can help assure you one campsite will
be empty when you get there! In some states, a computer-based ticket
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agency similar to the one Millie used to get play tickets will sell you
tickets for your favorite public or private campground. The terminals

are conveniently placed in pharmacies, department stores, or sporting
goods stores. They will reserve your space, print your ticket, and even
charge it to your credit card. The same computer can be programfned
to assign campsites so as to give an area of the park a rest for grass to
grow or to allow repairs to be made...It can assign alternate, lesser
known campgrounds fo relieve the pressure on more popular ones,

can limit the number of hikers in an area that needs preserving. You
can-also ask for tickets for a river trip or a rock concert, rent a cabin in

a campground, and reserve a motorhome, as well as a place to park it!

AT EVERY TURN

There is virtually no area of human endeavor or interest which has not
been influencedor even vastly changedby the computer. One of the
more sophisticated computer users is the Department of Defense. At a
quarter-million-acre weapons-testing. military field laboratory on the
California.coast, an electro-magnetic environment has been created in
which "nothing hostile can survive." Equipped with an awesome array
of sensing devices, laser beams, night-seeing machines, and computers,
this electronic battlefield ushers in a new philosophy of war which dis-
counts the human factor. General William Westmoreland, while still
the Army's -Chief of Staff, forecast "combat areas under 24-hour
surveillance, battlefields on which we can destroy anything we locate
through instant communications and almost instantaneous application
of firepower." ° All of this brings to mind the science fiction image of
machine facing enemy machine in a red blaze of gunfire and destruc-
tion, until finally the battlefield is quiet, littered with burned-out cir-
cuits and smoking electronic junkan inhuman image, indeed. But
where better to replace humans with machines than in a combat zone?

A very human use of computers is taking place in California, where

a computer helps match homeless children and adoptive parents. The
computer has been particularly helpful in finding good homes for such
hard-to-place children as a deaf Japanese-American 5-year-old girl; two

brothers and their sister who needed to be kept together; a blonde,

Charles Foley, "Towards Computerized Warfare," Current, No. 132, Sept. 1971,

p. 21.
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blue-eyed boy, aged three, who was confined to a walker because of a
birth defect.

After 'Joe Witless unlocks his apartment door at the Waterview
Apartments in Framingham, Massachusetts, he is sometimes surprised
by a voice over the intercom: "Your code, please?" Joe is forgetful.
Unless he inserts his key in his "security control panel" to tell the rest-
dent computer he is home, the computer prints a warning to alert the
security guard. The guard calls on the intercom, asking for Joe's code.
If he does not reply with the correct series of numbers, the guard in-
vestigates the situation.

In this apartment complex the computer not only guards against-
unauthorized entry, but keeps watch for smoke' or fire, and responds
with prompt assistance if a resident pushes the "medical alert button"
in his or her apartment. The computer can also increase elevator service
during peak periods, ensure enough hot water for bathing, and even
control the watering,system for the 22 acres of lawn.

It is important to remember, as we encounter the computer at
every turn, that all the marvels of the computer revolution were first
imagined in the mind of man or Amman. Before the computer can be
put to work in any of the marvelous ways described earlier, it must be
programmed by a humari being. It must be told exactly, in minute
detail, how to perform each part of every task. If the computer performs
brilliantly, it is because it has been programmed brilliantly. If it goofs,
it is because the programmer goofed. A familiar computer adage says
this in a more abrupt way: "Garbage in, garbage out." As dependent on
the computer as we may become, the computer is likewise obliged to
remain totally dependent on humans to tell it how to function.

Because computers can relieve humans of the necessity to do
routine meetal tasks, we find ourselves with more freedom to develop
our creativity. While computers carry on the more mundane work of
society, humans cans organize, invent, act on a hunch, create, and
wonderand put the computer to work producing the inventions,
studying the hunch, and helping to discover the answers.

In ydur lifetime, you will learn to use and to live with computers.
Whether or not you choose a career in which you deal with them di-
rectly, you cannot escape their influence. In the world of the future you
may choose to be an informed "consumer" of computer goods and
services, or you may choose to be one of those who make it happena
computer operator, a data processing clerk, a systems analyst, a pro-
grammer, or perhaps a computer salespersdn, engineer, or maintenance
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person. Thi ook is intended to give you some experience with and
understan g of the computer, and of computer or comphter-related
careers. After this exposure, you should have a better idea of your own
interest in the field, and which, if any, computer career you wish to
explore in more depth.

If you decide not to go further in the comp er world, y u still
will be ahead. You will have had enough experience ith the'coniuter
to be able to make intelligent use of it in whatev,,r career field you
enter. Like death and taxes, the computer seems to be a "sure t
You will probably encounter it in use in some way whether you come

a librarian or a firefighter, a carpenter or a file clerk, or a fashi n de-
signer. The more you know about using a computer, the better eq ipped
you will be for your chosen career. And you get a bonusyou ire
coming an "informed citizen" where computers are concern d. You
will not be an ignorant consumer, accepting anything that co es from
computers without question or judgment. You will 'be one f those
valuable citizens who-deal with the computer intelligently and isefully.
You will neither reject it out of ignorance nor apply it like a and-Aid
tb every situation. You will use it instead for what it is best suited
extending the abilities of human beings.

Check your understanding

1. You may have heard of "computer dating servi4s" which
match up people according to interests, backgrouhds, phys-
ical characteristics, likes, and dislikes. Does this seem to you
to be 'a good way to meet potentially compatible people?
Would you subscribe to such a service? Why or vty not?

Would you subscribe to a computer service w ich selects
a spouse for you? Why or why not? What elements (if any) in
the process of "selecting a spouse" could not be quantified?

Argue or debate-this question with a classmate, taking
the position that "better and longer lasting marriages would
result if computers matched people for marriage." Then switch
sides and argue the opposing point of view.

2. List examples of problems or decisions that cannot be handled
by a com;Nter. Then list problems that should not be handled'
by a computer. Are the lists different? In what ways? Discuss
with your classmates the reasons for the differences.

44
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The nature
of the

corTputer
system

INPUT, PROCESSING, AND OUTPUT'

When you solve a problem of any kind, there are usually three opera-,
tions involved. First, you receive some input (you read or hear infor-

mation about the problem), then you process the information (solve

the problem), and finally you output the results.

as
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How Do x SALVE THIS?
I'VE GOT Ph.: A DCKET
WILY SE $1.50.,. NUS n.
FAQ Thcas /ATM.
LEAWV6 ME
$1.50,,, AND
THAT' MD
GO FOR

HERE'S $1.50, AG61E.
THAT'LL GET THE
4AS WE NEED'.

SEE YOuAT 7%

Fig. 2-1 Example of input, process, and output

Here's an example. Suppose -a student plans to get a ride to the
game with another student. But, a problem comes up. The student with
the car is almost out of gas and has no money for more. Here are the
three steps involved in solving the problem.

Or, consider a girl working a math problem. She reads the probl6m
in the book (input), solves it in her head or on paper ( process ), and
writes -down the answers on her paper (output).

Fig. 2-2 Example of input, process, and output
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Here's a problem for you to solve:
On a separate piece of paper, write the states for each of the

capital cities listed below.

Capital City

Sacramento
Atlanta
Trenton
Cheyenne

. Honolulu
,

Now think about all the .operations involved in solving ,that problem.
Can you identify the input, process, and output operations? A descrip-
tion of the three operations for solving this problem is found below.
Note them on your paper. Then label each operation as an input, out-
put, or process operation.

Operation Description

1. Recall the names of the'appropriate states, or look them ip, or
ask a friend.

2: Read the problem and the list of capital cities.
3. Write the names of the states.

A human being solving a problem is one example of a "system" in
operation, going through the input-process-output cycle.

Many other -systems follow this sant? input-process-output se-
quence. Consider a clerical systemfor example, the system in which
class schedules are set up. When you hand in the list of classes you want'
to take next term, that's input. The school office gathers all the students'
class lists together and assigns classes to each studentthat's process-..

ing. Finally, the office issues each student his or her class schedule
that's output.

Or consider a mechanical system. When you put a quarter in the
soft-drink machine and push the "Coke" button, the machine selects a
bottle of Coke, drops it into the tray, and delivers your change. Which
operations are input, processing, and output?

Just as these systems operate in an input:process-output sequence,
so does a computer system. Data are input to the computer from a user,
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the computer processes that data and then the computer outputs the
resulting information.

Do you have input, processing, and output clearly in mind? See if
you can answer the following questions.

Check your understanding
1. If you used desk calculator to add 4 and 5, what would the

output be?

2. Suppbse you usii-a computer to figure out the Grade Point
Averages (G.P.A.'s) for everyone in your class last term. Three
things would be involved: 1) the calculations of G.P.A.'s, 2)
the printed list of G.P.A.'s, and 3) the original grades for each
student. Which would be the input operation? The processing
operation? The output operation?

3. a. You insert a Canadian quarte'r in an American soft drink
machine and push the "orange" button. The machine returns
your quarter and no orangeldrink. Was the error made in input,
in processing, or in output?
b. You retrieve the Canadian quarter, use an American coin,
and again push "orange." The machine drops a cup intoplace
and begins Piling it with orange drink, which knocks the cup
over and spills it. Was the 'problem in input, processing, or
output?
c.You'irY again. This time you push the "cola" button. The
machine gives you a cup of grape drink. Was the error in
input, processing, or output?
(Time to give up and find the drinking fountain!)

49

Fig. 2-3 The three opera-
tions In a computer system
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Figs 2-4 Central processing units come in all sizes.
Nova 1210 Mini-computer (left) and Digital POP-12
computer (right) which is many times larger

THE THREE PARTS
OF A COMPUTER SYSTEM

Let us take a closer look at the parts of a computer system, as we have
diagrammed it in Fig. 2-3.0'

How does a computer "process" information? What piece of equip-
ment is -responsible for this'processing"?-The- answer is the heart -of
every computer system is a single piece of equipment, sometimes as4
small as a breadbox and sometimes as large as a refrigerator or larger.

It is called the central processir-z 1u) csi. the CPU. Two different CPU's
are depicted in Fig. 2-4.

The computer equipment cannot, however, process information by
itself. Aomputer is a totally witless machine. It must be given instruc-
tions, telling it exactlyhow to solve any problem, in step -by -step -detail.
These sets of instructions, prepared by human beings, are called pro-
grams. The programs are as essential as the machinery in processing
data.

Fig. 2-14 Input, CPU proc-
essing, and output

CPU
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The computer, being a mechanical, electronic device, needs some
mechanical or electronic means of storing informationbothprograms
and data. When you processed information to write down, the state for
each capital city (on page 41), you had to retrieve some information

CPU

CIIU

CPU

PROCESS

Control

Arithmetic-
logic

Primary
Storage-

Fig. 2-8 Primary storage
in the CPU

Fig. 2-7 Arithmetic-logic
unit in the CPU

Fig. 2-8 Control unit in
the CPU
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you previously had stored somewhere in your memory. Similarly, the
computer needs some place to store information and to store programs.
Some of% storage is found right in the CPU. It is called "primary
storage."

The CPU also must be able to do arithmetic and to manipulate
words, letters, numbers, and other symbols. This symbol manipulation
irdsme in the "arithmetic-logic unit" of the CPU.

Finally, all of the prbcfcsing must proceed in an orderly manner.
Part of the CPU is devoted to overseeing the processing operation. This
part controls the processing, to ensure that it takes place in the proper
sequence. It is called the "co ntrol

.Remember again how, you processed information to write down
the state for each capital city. Pet-hi-is-you hackn't previously stored the
names of all 50 U.S.-capital cities in your memory. In that case, you may
have hld to ask a friend for help, or even look the names up in an atlas
or geography book. if you did, you were using "secondary" storage.

e primary storage 'in the, CPU is usua.y not large enough to
store all of the programs and data a computer needs to do all the Proc-
essing that people require it to do. So, most computer 'systems have a
great sleal of additional storage available outside the CPU, iq other
pieces of equipment. This outside storage is called "secondary storage,"
and is shown in Fig. 2-9.

Fig. 2-9 Secondary stor-
age available to the CPU

CPU
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Now you know all of the parts of a computer system. The pieces of
equipment you see in a computer rooni are devices used for input of
information, for processing, or for output of results. Some devices are
used for secondary storage of information needed by the computer.

Here is a picture of a complete computer system, with symbols
showing just which function is performed by each device. Notice that,
as is common in most systems, a punched card reader is used for input
and a line printer for output.

As you can see from the symbols, some devices perform two or
three operations. In a combined card reader/punch unit, for example,
the card reader cari be used as an input device ( to read previously
punched cards) or the card punch can be used as an output device ( to
punch holes in cards ). Which other devices shown in Fig. 2-10 operate
both to input and to output information? Which are also used for sec-
ondary storage?

To get a more concrete idea of what is actually involVed in the
input-process-output operation, consider the simple example of process-
ing some students' names to get a list of the names in alphabetical order.
First, a program telling the computer how to alphabetize is loaded into
the computer. Then, put in the students' names and get the alpha-
betized list.

Fig. 2-10 Complete IBM 360 computer system a

MAG. TAPE DRIVES

. *sir- \ALs1.1

CARD READAyNCH

Wt. DISlitIRIV

PRIN
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Fig. 2-11 Loading the
program

a

"How to Alphabetiie"
PROGRAM

Fig. 2-12 Processing the data

cPu

COMPUTER
PROCESSING

"How to Alphabetize"

Osmonil, Ray
Starr, Gill
Beck, Bill
Osborn, Keith

47

CPU
PROCESS

"How to Alphabetize"

In every case, data processing involves the input of some original
data, its processing by the computer, and the output of new, usable
information. This is true whether student grades are being input to get
an honor roll list or measurements are being input from instruments in
a moon capsule to get an analysis of its flight condition. And, in every
case, computer operators oversee the actual processing of the data.

So far, we have considered the computer operation sequence as a
three-step sequence: input-process-output. As you may have suspected,
however, there is often an additional step involveil in a data processing .
cycle. Since computers can't read books or listen to instructions, the
input has to be in a form the computer system can interpret. For ex-

ample, the programs or data could be read into the computer from
coded holes punched in a card or magnetized spots on a tape. If it isn't
already in such a form (such as holes on cards or magnetic spots on a

54
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PREPARATION

CPU

Fig. 2-13 Data preparation: an additional step

tape), it will have to be put in an appropriate form. This would add a
necessary step to the sequence: data preparation.

You will sometimes find in a computer room pieces of equipment
that are used solely for data preparation. Keypunch machines, for ex-
ample, have only one useto punch coded holes in the cards which will
later be read into the computer as input.

Later in the- chapter, you will be learning more about all of these
devicesmachines for data preparation as well as machines for input,
storage, processing, or output.

Before going on to look at the way one computer can be used by
many people, answer the following questions to see if you have a clear
understanding of the things you have read so far.

Check your,understanding

1. What is the name for the part of the computer system which.
carries out the processing?

2. What is a computer program?
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3. Which of the following are parts of the CPU?

a. Control unit
b. Data preparation machine
c. Primary storage
d. Input device
e. Arithmetic-logic unit

4. When you are asked for a person's phone number and you
have to look it up in your phone book, which kind of storage
are you usingprimary or secondary?

5. Name a common input device.
Name a common output device.

6. Show the four steps in the computer processing sequence by
-copying the -diagram below and filling -in your- diagram with
labels and arrows for each step.

7. In your diagram, draw the symbol we are using for secondary
storage in the correct place, label it, and show by arrows how
it interrelates with the other parts of the diagram.

8. Why is the first step in the processing sequence needed?

ONE COMPUTERMANY USES

During the first dozen years in which computers were used, the pieces
of equipment that made up the computer system were usually found all
together is one central place, as shown in Fig. 2 -14. Anyone who
wanted to use the computeK had to prepare the data and bring or mail

them to the computer center, where input devices would read the data
diiectly into the central processing unit (CPU) and where output de-
vices would print the results.

56
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Rg. 2-14 A Burroughs B1700 computer system in one
central place

Fig. 2-15 Time-sharing terminals connected to a dis-
tant CPU
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Fig. 2-16 Time-sharing terminals can be located any-
where.,

In recent .years, a new method of using the computer called "time-
sharing" has become popular. It males the computer more commitient

for many people to use. Time-sharing computer systems still have all
the usual pieces of equipment but, in addition, they bve input/output
devices called terminals which can be located in the nexrrcrom, the next
block, the next town, or thousands of miles away. The terminals can be

connected to the central computer - y ordinary telephone lines. With
time-sharing, users can input their data and immediately receive the

output right in their offices, at a department store check-out counter, in
the warehouse, the classroom/ or even, in their homes.

Computer time-sharing makes it possible for anyone, anywhere, to

have direct and immediate access to a computer.
Whether the time-sharing user is at the computer center or at a

terminal, the central computer system he or she uses will have the
components shown in Fig. 2-17.
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But, in this case, some of the input/output devices ( terminals)
will be located at a distance from the main computer system.

Usually, the terminals in a time-sharing computer system are
'simply electric typewriters. The user types on the keyboard, and the
information he'or she types is transmitted over a telephone line as input
to the computer. When the &omputer has information to output to that
user, the information is transmitted from the computer overa telephone
line, and then it is automatically ptinted out olf the' user's typewriter
terminal.

Fig.249_is_an example_ of_input_ancLoutput-frontone terminal. The
program telling the computer how to process this user's input had been
stored in the system at an earlier time. In this example, everything
typed by-the userall inputis in lower case. All output from the
computer is in upper case ( capital letters).

As you can see, the person at the terminal can have 'conversa-
tion" with the computer. This kind of "conversational" use f the com-
puter ( also called interactive processing) is one advantag of using a
time-sharing system. Each time the user enters input, a computer
immediately responds with output. This is not the way conventional
computer system, without terminals, handles input and output. In a
conventional system, all input must be provided in one batch, and there
is usually d wait for the output. The wait may be only a few minutes, or
it may be as long as a day or two.

CPU

PROCESS

INPUT Control .111. OUTPUT

' Arithmetic.
logic

Primary
Storage

Secondary
Storage

.al
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Fig. 2-17 Components of
a time-sharing computer
system
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Fig. 2-18 Terminals connected to the time-sharing
system'

14.

Why is there a wait for output in a conventional system? For the
sake of efficiency! It is more efficient to collect a lot of input data of the
same type and to enter all of this input data in one batch. This is called
batch 'processing. It is characterized by "batching" or grouping trans-
actions so that as much work as possible will be handled all at one time.
A good example of this can be seen in a large city Water department.
Each customer's account normally has only two transactions a month.
One bill is calculated and one payment is posted. it is not worthwhile to

For communication between a terminal and a computer or between computers,
some additional equipment is involved. Computer users will be introduced to that
equipment in the operating manuals for terminals and computers.
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Fig. 2-19 Input and output with a time-sharing system

process each payment immediately each time a transaction occurs.
Instead, billing is done in one batch for all...customers once a month.
Payments come in on a random schedule through the month, and a card
is punched for each payment as it is received and deposited. These
cards are collected, or batched, and processed as a batch once a day.

The two types of processing, then7aretalled interactive processing
and batch processing. 'Which one is associated with time-sharing?
Which one with conventional computer systems? Which one is most
likely to require the "data preparation" step? Which one is probably
the most economical way to process data?

Interestingly, .many time-sharing computer syste which handle
remote terminals usually can do batch processing at t ame time. One
part of the system controls input and out the terminals while
another part continues to accept and pro ess batches of data in the
usual way. Look at the diagram in Fig. 2 8. You can see that the CPU
is diagrammed as processing input from terminals at a distance as well/ as from an input source located right next to it. Do you see one reason
why such a system is called "time-sharing"? Both the interactive and
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batch processing usually is done in the same CPU. Of course, this re-
quires some very clever scheduling and juggling of data to avoid
mix-ups. This scheduling is handled by special ,zr.ograms which keep
everything operating efficiently.

When time-sharing systems were first introduced in the 1960's,
they were seen as revolutionary. Today we are seeing a revolution in
terminals. For years, remote terminals .connected to a time-sharing
system were nearly always simple electric typewiiters, used for input
and output. But today, a "terminal" may take many different forms and
is no longer so simple.. Improved models of electric typewriters and
CRT (cathode ray tube) terminals are commonly in use today. In addi-
tion, a new and highly versatile type of terminal has been developed,
called an "intelligent terminal."

An intelligent terminal is..more than one piece of machinery and
does more than double duty. It combines a small CPU of its own ( a
"mini-computer"), one or more input devices, one or more output de-;

Fig. 2-20 Example of an int- 'gent terminal

INPUT/OUTPUT
TERMINAL

CPU

MAG. TAPE DRIVE
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( Fig. 2-21 Central computer system with ordinary ter-
minals and intelligent terminals connected to it

vices, and sometimes a secondary storage device or two. It can be used
as a remote terminal connected to a very large time-shared computer by
telephone line. It can also be used all by itself to process data in its own
small CPU and to solve problems that aren't roo lengthy or complex.
It can store and use only short, simple programs. To solve more sophisti-
cated problems or to process large volumes of data, it will again act as
an input/output device to the larger computer.

An intelligent terminal will have, at least, a keyboard terminal
(possibly with a display screen like a small TV screen called a cathode
ray tube, or CRT), and a small CPU capable of storing some programs
in its primary storage unit. In addition, it may have one or more con-
ventional electric typewriter input/output devices and various other
input, output, and secondary storage devices.

Fig. 2-21 is a diagram of a computer system with intelligent termi-
pals and regular terminals.
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liaTor check your understanding of what you have read ib far by answer- .

ing the following questions.

Check your understawling
1. Which of the following kinds of computer systems does your

school district use? (Ask someone who.kpows.)
Conventional batch processing computer system.
Time-sharing computer system
Combination batch^ and time-sharing system

2. Ordinary terminals usually include which of the folloWing
devices?
a. CPU
b. Input keyboard
c. Secondary storage
d. Output device
o. Primary storage

3. Which of the following is true of an ordinary terminal?
a. Can process limited amounts bf data in its own processor
b. Can input and output information to and from a central

computer
c. Can store data

4. In Fig. 2-16, what clue can you find in each pictuTa of a ter-
minal to indicate it is connected to a time-sharing computer?
a. Human operator
b. Keyboard
c. Telephone
d. CPU
e. CRT

5. For the uger, an important advantage in using a time-sharing
system is
a. talking on the telephone.
b. processing an entire batch of information all at one time.
c. it keeps everything from happening at once.
d. fast, interactive processing.

6. Interactive processing means
a. immediate response from the computer each time the user

enters input.
b. conversational use of the computer.
c. neither a nor b. .

d. both a and b.
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.
7. The most important distinction between interactive process-

ing and batch processing is

a. batch processing is faster.'
b. interactive processing provides an immediate response to

input.
c. batch processing is "conversational" in nature.
d. in interactive processing, input data of the same type is

collected for entering in a single interaction.

8. Which is true of intel ligent terminals?

a. Can process _limited amounts of data in its own processor
b. Can input and output information Ito and from a central

computer ../c. Can store data
d. All of the above

9. All intelligent terminals include which two devices listed
below?

a. CPU and secondary storage
b. Keyboard and line printer
c. CPU and keyboard
d. CRT and secondary storage

10. What kind of terminals are available in your school district?

a. Electric typewriter (or teletypewriter) ..---
b. Display screen with keyboard (CRT)
c. intelligent terminal
d. Other (describe)

11. If you have an jrfelligent terminal, answer these questions.

a. Does your intelligent terminal have secondary storage?
b. What kind?
c. Does it have more than one input/output terminal?

COMPUTER CODES
FOR HUMAN DATA

. .

In a human "data processing system" (for example, a person who recalls
and lists states to match their capital cities) input is straightforward
and simple. Human beings can receive input through their senses--.-
sight, hearing, touch, and so onand can understand spoken or written
words and sentences. Human beings understand a vast number of
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symbols. Try to count all the symbols you understand. Here are a few:

A, B, C, 8, 4, 3, ?, -I-, =, :, ", , I, ,$

What's more, human beings can learn the meaning of new symbols..
Can you write the meaning of each of the computer operations 'symbols
below? They are symbols for which you have learned a new meaning.

An electronic data processing system, hcwever, must input, store,
process, and output information electronically. The symbols humans
understand must be represented electronically in order for the com-
puter to understand them. But electronic language is very limited- -
either an electronic pulse is present, or it is not. Thus, only two symbols
can be used to represent information in a computer system.

Each piece of information ( each letter or number or symbol) i3
transmitted to the computer in the corm of electronic pulses. The pulses
are in coded sequences representing the data. For example, the letter
"H" might be transmitted in electronic pulses in this pattern:

The word "HI" could look like this:
,

_n__nn.FITT,
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This coded pattern of pulses can be sent over a telephone line from a
terminal or read directly into the computer from one of the input de-
vices in the computer center.

Inside the computer's CPU, each coded pattern of pulses is regis-
tered in the primary storage unit on very small magnetic "cores" that

Fig. 2-22 Information is input to computers by elec-
tronic pulses. .
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look like tiny doughnuts. Each is about the sire of the head of a pin:
These little cores can be magnetized in either a clockwise or counter-
clockwise direction. By being magnetized in one or the other direction,
a set of cores can represent a pattern of plilses accurately.

H in pulses H in cores

If we represent a pulse with a "1" and a no-pulse with a zero, we
could write the word "HI" this way:

A 00010010 00010011
H I

In fact, we could make up a code, so that every letter of the alphabet
and each digit and each punctuation mark- cou'd be represented by
some unique combination of and 0's. "How many different code
combinations would we need? Count them. We would need 26 different
code combinations for the letters of the alphabet, 10 more for the 'digits
0-9, and maybe a dozen or so more for punctuation marks and special
symbols like $.

This is exactly what has been done! )des have been developed
based on just these two symbols, 0 and 1, for tisein communicating with
a computer. Of course, humans being what they are, there is no single,
standard code that applies to all computer systems or to all input/out-
put mediums like cards or tapes. However, it is important to remember
that whatever the code, it is -based on combinatitins of l's and O's.'

The codes used by different input devices are usually different.
There is one code used for punching cards and another used for punch-
ing paper, tape. And the codes used to stofe information in 'primary
storage or on magnetic tape are still different ones. The important thing
is that all codes in a computer system can be translated into other codes.

humans understand several codes for the number five: 5, V,-'
We can quickly translate " into 5." Likewise, a computer can
rapidly translate from punched card co e to Magnetic tape code.

' If you are interested in codes and want to know more about this two-symbol
system, see the Appendix, "Binary Codes."
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-Fig. 2-23 Ways of repre-
senting data in binary code

Whatever the code used, it is a binary code 0; that is, it is a com-
bination of l's and 0's, Or pulses and no-pulses, or holes and no-holes.
It is a two-symbol code. Fig. 2-23 shows some ways of representing data
in a computer system using only a binary code.

Which ways of representing 1's and 0's in Fig. 2-23 would be used
to store data in the pi imary storage unit within the CPU? Which would
be used to display data on a control panel with banks of lights? To
transmit data over a telephone line? To transmit data from an electric
typewriter through a cable to the computer? To store data in secondary
storage? To read input data?

Actually, the same little piece of code, a 1 or 0, might be repre-
sented in several ways as it passes through the computer system. For
each device ( the card reader, magnetic 'tape unit, primary storage,
or output printer), the binary number may be translated to a different
code. But the human user of the system is unaware of all this. He or she
simply prepares the data and inputs it, then reads the output.

How do programs and data get converted into electronic pulses?
That is the job of input devices. Once programs and data are prepared,
the cards or tape are fed into an input device which translates the data

° "Binary," literally, means "two-state."
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Fig. 2-24 Binary code can
be represented in many
different' ways, in the com-
puter system.

Fig. 2-25 The flow from
raw data to primary storage
in the computer

1-n-

CPU

PRINT

_n_

Source documents

Data preparation
(punching paper tape)

00000000000000000 cm 00000
00000d, o
00000

The data being registered in the
computer's primary storage..

40
Reading the punched tape
into the computer.
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i

into electronic pulses and transmits them to the computer. Now the
question is, How has the data been prepared so that it can be "read"
and translated by an input device?

The answer is, Data are prepared on the media in the form of spots,
marks, or holes arranged in coded patterns. These coded marks are
sensed by the input device's "read" mechanism and translated into
equivalent electronic pulses. The electronic pulses are transmitted to
the computer's main storage. Fig. 2-25 on page 63 shows a graphic pic-
ture of this flow with punched paper tape as input.

Currently, the "data preparation" ste may not be necessary if a
direct-entry input device is used. A pers 1 using an electric typewriter
terminal, for example, may simply type data at the keyboard. The typed
characters will automatically be converted to electronic pulses and
transmitted to the computer.

How do the electronic pulses produced by the computer as output
get converted into a form humans can read? Thit is the job of output
devices. A printer, for example, was designed exclusively to convert or
decode output from electronic pulses to human language.

You will learn more about input and output devices in the next
two chapters. .

Let's see if you have gotten the main ideas about the code used by
computers and the different ways it can be translated. Do the following
exercises to check your understanding.

Check your understanding
1. Look at the diagrammed sequence (a) through' (d), shown at

the top of the next page, and read the descriptions of events
a through d. Note for each step (a)-(d) which description
fits it.

a. Holes or spot-Nare read by devices and translated into elec-
tronic pulses Ole computer can interpret.

b. Information inside the computer is transmitted to output
devices in the form of electronic pulses..

c. Data are prepared by being translated into holes or spots
on cards, paper tape, etc.

d. Data in the form of electronic pulse's are registered and
stored in the CPU of the computer in the form of tiny mag-
netized cores.



0000 0 0 0 0 00 0
0 0 0 0 0 00
0 0 0 0 0 0
0 0 0 0 0 0

0000

2. The code used with a computer system is called "binary"
code.

a. How many symbols are there in binary? What are they?
b. Name five different ways of representing data in binary

code.

3. What devices usually are used to convert human data to a
code the input device can read and transmit to the computer?

4. In what form is information transmitted to the CPU so the
processor can register it?

5. What devices are responsible for converting information into
electronic pulses the computer can register?

6. What devices are responsible for converting information from
electronic p Is es into words or symbols humans can under-
stand?

DATA PREPARATION

As you are already aw arc, if you are not using a direct-entry input de-
vice such as a type:%riter terminal, there is one essential step to be
added to the familiar basic steps in data processing.

Data preparation is the act of preparing the medium to be read
into the computer b> an input devicefor example, punching holes in
cards ( the medium ) to be read into the computer by a card reader ( the
device). It is important to distinguish between a medium and a de% ice..
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DATA
PREPARATION

The extra step is data preparation

OUTPUT

PROCESS

Fig. 2-26 The data preparation step added
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A medium is a material (such as punChed cards, punched paper
tape, and magnetic tape) on which information is represented in coded I
form. This code can be recorded on the medium or read from a medium,
by a device.

A device is a piece of equipment which can record code onto a
medium or read code from a medium. ,

Let's look at the data preparation step as it actually is carried out.
We'll take, as an example, data which are prepared on punched cards,
because punched cards are probably the most frequently used medium
for data input. The flow from the original data through preparation and
input to the final output is illustrated in Fig. 2-28.

As you can see from the diagram, the first stages in processing data
involve a program, 'which .is written by a programmer, and some data,
which are supplied by the customer. The handwritten or typed programs
and data are turned over to the person who "prepares" the material for
entering nto the computer. In our example, it is the keypunch operator
who pre res the material on punched cards, using a keypunch ma-

Fig. 2- 7 Some media and the input devices which
can ad from them

MEDIA

Punched card

Card reader

Paper tape

Paper tape reade;

Magnetic tape

Magnetic tape unit
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Customer supplies raw data.

PREPARATION

Keypunch operator prepares program
and data on punched cards.

PROCESS

Computer operator loads program
and data into computer.

Fig. 2-28 A simple diagram of the flow from data
preparation to output

Customer receives
completed report.

chine. The prepared data ( including programs) then go to the com-
puter operator, who runs the job on the computer. If there are no errors
in the data or programs entered, the output of the processing can be
delivered to the customer. If there are errors in the data or programs,
the cards are returned to the programmer so the data or programs can
be fixed or "debugged." Then, corrected data and/or programs are
prepared and processed. You will learn more about "debugging" in
Chapter 5.

While the person who prepares the data may sometimes have to
prepare hand-marked media such as mark-sense cards, most often the
person works with machine-marked media such as punched cards or
paper tape. The machines used to prepare thee media are usually nm
from typewriter-like keyboards on which the data are typed.

A person who punches cards is usually called a "keypunch op-
erator." We will use the more general term "date clerk," however, when
referring to the person who prepares data, because we will be discussing
how data are prepared on paper tape and other media as well as on
cards.
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9.11 A DIA OF DATA PREPARA

Punched cards

No doubt you have seen- examples of the co 1 monly used medium
of-punchedGcards. Today many companies use -t' m for -billing. Your

telephone bill, for example, probably comes with apunched card which

is to be returned with the payment. Perhaps your school issues punched

cards at the beginning of the term for student's to use as class admission

'cards. It is even common for paychecks to be printed on punched cards;
Not only are punched cards used for innut, but they are used also .

as output media. Sometimes the computer directed to punch output
into cards for later use by the 'system.

The cards used as input media are sometimes called Hollerith

cards, after Dr. Herman Hollerith, a handsome gentleman with a han-

dlebar mustache, who built one of the first card-pupching machinet.%

for use in the 1890 U.S. census. The code of holes used to represent
data in punched cards is called Hollerith code.

Here is a blank Hollerith card with a left-corner cut. This cut 4

helps the operator do a quick visual check to make sure all the cards in

a deck are facing the same way.
Notice that the card is divided into 80 columns, numbered left to

right, 1 through 80. Each column can hold one character of informa-

tion, so up to 80 characters (letters, numbers, or symbols) can be
punched in ekch card.'

Fig. 2-29 Standard Hollerith card
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Fig. 2-32 Hollerith card showing zone rows

Did you Use the first ten columns? Did you darken a single digit

in each column?
Read and write down the social security number punched in the

card in Fig. 2-31.

LettersHollerith code. To represent a letter of the alphabet in

Hollerith code requires two punches in a singletcolumn: a digit punch
together with a punch in one of the top three rows. These top three
rows, called "zone rows," are the 12 inw ( the top row, not labeled on
the card), the 11 row ( the second row from the top, also not 'labeled

on the card), and the 0 row (which is used when punching either
numbers or letters). See these rows in Fig. 2-32.

The first nine letters, A through I, are represented by a zone punch

in row 12 together with a digit punch. The letters J through R are
represented by a zone punch in row 11 together with a digit punch.
The letters S through Z take a zone punch in row 0 plus a digit punch.
(A punch in row zero is called ,a "zone punch" when used in repre-
senting a letter, and a "digit piinch",when used alone to represent
the number zero.) This code is summarized in the ,card shown in Fig.
2-33. As you study this and the other sample cards, remember. that the

zero row can be used for either zone (when a letter is being coded) Or

digits (when a zero is being coded). You can quickly tell, how the
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. zero row is being used when it is pu ed. If there is no other punch
in rows 1 to 9 in the column, the ze punch indicates the digit zero. If
another punch is there, then the z o plinch is a zone punch.

Perhaps you can see more c arly the "two punches in a single
column" rule in Fig. 2-34, showing the letter "H" in Hollerith code.
Note the zone-punch in row 12, together with the digit punch .in'
row 8.

Fig. 2-33 Hollerith card punched with A -Z
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Fig. 2-34 Hollerith card punched with H
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P ii
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I

0 111111111:1
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I
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l

Fig. 2-35 Hollerith card punched with numbers and
letter s

Fig. 2-35 shows a card punched with the data

"21212 B G ALLENS 6961 N WILSON"

Can you verify that the data is punched correctly?
Take a blank card and, using a pencil, darken the positions cor-

responding to the letters of your name. Leave a .space between your
first name and your last name.

Did you darken two "punches" for each letter?
Did you use a single column for each letter?
Read and write down the data punched in the card in Fig. ".-26

, .
Use the card in Fig. 2-3:3 as a guide.

Special charactersHollerith code. To' punch some punctuation
marks and other special symbols, three punches ma be required in a
single column. For some special symbols, onl one or two punches are
needed. The code for special symbols is shown in the card in Fig. 2-37.

.Using the guide shown in Fig. 2-37, can on tell which special symbols
are encoded on the Hollerith card in Fig. 2-38?

The syrTibol in column 20 is a "?"-and the symbol in column 40 is a
"" (minus sign). The question mark ( ?) is represented by three



51

74 The nature of the computer system

punches in ,a single column: the 0 zone punch, the 7 punch, and the 8
punch. The minus sign ( ) takes only a single punchthe.11 zo e
punch.

Now, you should be .able to read au), sort of data punched in
card by decoding the Hollerith code. Try it with your next telephon

bill!

Fig. 2-36 Punched Hollerith card
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I I I 11 1, I , 1 .

, e

I I I I i s
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Fig. 2-37 Hollerith card punched with special symbols
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Fig. 2-38 Hollerith card punched with two special
symbols

column
numbers

,/,1
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Fig. 2-39 Sample card layout

Fields. When preparing data, the data clerk alwas needs clear
instructions on how data are to be spaced and arranged. For example.
programs usually are written on coding forms which show the needed
details of arrangement. In the case of data to be prepared the pro-
grammer must provide a card layout and 'or a special instruction sheet
for the clerk to follow.

Whether on a' coding sheet or card layout, data are always ar-
ranged by column number. Look at the sample address card layout for
a billing system in Fig. 2-39.
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The sections of the card !aid out in Fig. 2-39 are

Columns 1-5
Column 6
Columns 7-12
Columns 17-26
Columns 27-17
Columns 48-62
Columns 64-66
Columns 67-71

Account Number
Card Code
First Name
Last Name
Stree Address
City
State
Zip Code

In a card layout such as this, each of the sections is assigned to a
particular piece of dataaccount number, card code, etc. These sec-
tions are most often called "fields. The fields show n on the layout
card in Fig. 2-39 can be blocked-off ( or "defined") on a punched card
as shcwn in Fig. 2-40.

Wheneer the programmer has laid out and defined the fields for
the preparation of a particular set of data, the data clerk must be certain
to prepare each bit of data within the boundaries of the correct field.
If a piece of data is entered in the wrong field, or if it 'is prepared so
as to extend into the next field, the computer xx ill either not accept the
data at all or it will err in the use of the data. For example, if a street
address entered on the card in Fig. 2-40 xx ere to extend from column

Fig. 2-40 Example of fields marked off on a punched
card
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27 to 55 (eight columns into the city field ), the computer would
register the last seN en letters of the street address as the first seven
letters of the city name.

Check your understanding now.

Check your understanding

1. Data preparation is usually not necessary when one is using
(as an input device)

a. a punched card reader.
b. a magnetic disk.
c. a magnetic tape unit.
d. a typewriter terminal.
e. a paper t,..de reader.

2. Identify each of the below-named items as either a "medium"
or a "device."

a. Punched card
b. Magnetic tape unit
c. Paper tape punch
d. Magnetic tape
e. Card reader
f. Paper tape

3. A "Keypunch operator"

a. operates the punched card reader.
b. operates the keypunch machine.
c. is not a data clerk.
d. punches holes in paper tape.

4. Answer the following questions about punched cards.

a. How many columns are there in a typical Hollerith card?
b. What is the maximum number of characters that can be

punched in a single typical card?
c. How many rows are there in a card?
d. How are the rows labeled?
e. Which rows are designated as "zone rows"?
f. Why is it necessary to use two holes to represent letters of

the alphabet?
g. How many holes oer column are needed to represent spe-

cial characters?

R4
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5. Read and write down the data punched in the card below.

I II I' I I I 11 I
III II I I I I I

00000000010000100000000400000101000001001000000000010000000100000000000006000000
471t...uoilm4i0oniennnunspnawN=us*ssalsougnmodounsustummupusimmUnNtssumuminanntsIgnmna

11111111111111111111111111115111111111111111111111111111111111111111111111111111

212222222222222,2222222222222221222222222222222222222222222222222222222222222222

929,99393931,9929,19999929399932199,391999239929299,99191993,2999292923992999932

4464144444444444444446444444444444444444244444444444444444454444444444444544444

155555515155511555555555555555555,5551515555S55555,55555555555555555555555555555

6616566666119666669655666666616666666656665656666665666656565666665666666666666$

71111711117111177111171111177111171771777171771177711111777177777711777711117111

a. ssassismillassisostossmiessaloolossessamessmellsslessessusseasstosste

;T9 49 19 991 9 9999919999999 9 9 999 99999 999 99999 91999991 9991 99 99 99 91111 999 9999 9499399999
114 I14 lawn 4 a 5gliatt11:514:5$11:1721111113314111135)5040457011131tn 13.1354361155313065 1311411101136104 anu 5f3nit71

6. With a pencil, darken "holes" in a blank card to represent the
following data:

TROUT FISHING IN AMERICA PAPERBACK $2.95

1 /1111,4 MI
12:5116585p
1111111 1111

1
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1
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x
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4.243:11111
1/51Ario4ir
11111;11111

11121112211

33333:33333

t
1
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7 7 11 1;7 / 1`7
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n YIN 3,.. III r L 53 a A. 3, as.

1
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1

1
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1

1

666654666666666636666
I 1

7717/112111112171 1 t'

I

2.1
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I
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11161110116
weagtoWve.,.
11111111111
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octeemse
Itumm46pu9
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2222122222
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1

1
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66666:66666

e.,,,

55555,5556555555,5555555555:51555
1

4 .
1

6 6 6 6 5:6 6 6 6 6 6 6 5 6 6;6 6 6 6 6 6 6 6 6 CS 6 6 6 6 ?,...

T 7 7 / 1:7 / ; / / ; ; r1 1:1 7 ; / I ; 1 / 7 41 1 1 1 1 7 / 11 I1 :7 1 / 17

iiiii:iimaitio:sitssoilialosiiiiiiit'sissi
13311:1131191111111113131191,3133111311;99113
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1 , 111:11IIIIIIII:,1111

2 2 2 2 111 2 2 2 2 2 2 2 11 2 2 22

3 3 3 3 7'3 3 3 3 3 2 3 3 3 33 3 3 3 3

444 1 4 4 4 4 4:1 4 I

7. When preparing data using a keypunch machine, the data
clerk

a. need not be concerned about the arrangement of data.

R-0
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b. rarely needs coding sheets, layouts, or other directions to
follow,

c. must be careful to punch data within the correct fields on
the cards.

d. must start data in the correct column, but need not be
concerned about what column the data ends on.

8. Which of the following is true of "fields" on cards?

a. They are always located by column numbers on a card.
b. Each field has definite boundaries.
c. They are the sections of a-card defined by the programmer

to contain particular pieces of data.
d. All of the above statements are true of "fields" on cards. -

Optical scan sheets

If you have ever taken standardized "achievement" tests, you have
marked your answers on a sheet which can be used as an input medium

for computerized grading. These sheets, called optical scan sheets, arc
usually 81/2 inches -b 11 inches and printed with little boxes. The
pencil marks you place inside the little boxes can be read by an input
device, just as can holes in cards.

In the past, these scan sheets were "read- electronically, so that a
special pencil had to be used for marking. The special pencil had a high
graphite content since graphite is a good conductor of electricity. Now,

howe%er, these sheets can he marked with any kind e pencil, type-
writer, or e% en punched with holes, since the newer leaders simply
sense the difference in the reflection of light from the surface of the
sheet.

Thus, dm data preparation step is eliminated. The -source dOcu-
ment the scan sheet ) is a record that can easily be read and under-

stood by people as well as by computers.

Punched paper tape

Punched cards are the most commonly used media in computer
centers. But punched paper tape has an important place as an input
medium as well, particularly outside of the computer center. You will
%ery often find paper tape used as the input medium whew data is

Rd
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prepared fOr entry into a computer from a remote, time-shared terminal

particularly if that terminal is a teletypewriter.
The teletypewriter ( also called "Teletype" or simply "Tty ") is the

device most frequently used to punch paper tape. It is actually a dual-

purpose device, since it can be used to punch the tape and can then be
used to read the punched tape into the computer.

We'll take a closer look at the teletypewriter later. For now, let's
look at the mediumpunched paper tape. Fig. 2-44 shows an example.
The (-Ave sprocket holes, which run the length of the tape, are not
a part of the code punched on the tape. They are use'. to direct the
paper tape through the tape reader. The larger holes, punched in rows
across the tape, are the code holes. Each row of holes across the 'tape
represents one character. -

A paper tape can be punched automatically using a teletypewriter
keyboard and the attached paper tape punch. The Machine and the
punch are both switched on. Whenever a key is pressed down on the

Fig. 2-42 The paper tape punch device on a teletype-
writer

,R 8



82 The nature of the computer system

keyboard, it is typed on the teletypewriter's paper. The holes repre-
senting that character are also punched onto the paper fte by the
punch. The tape then automatically moves forward one position to be
ready for punching of. the next code.

If you look carefully at the sample tape in Fig. 2-44, you will see
that there is room for eight holes to be punched across The tape. How-
ever, the eighth hole-position, whether punched or not, is not a part
of the code. The eighth position is called a "parity check," and is used to
doublecheck the accuracy of the data. Teletypewriters are either even
parity or odd parity machines. If the teletypewriter is an even parity
machine, for instance, a hole is punched in this eighth hole-position
of a row whenever the .code for the character represented on that row
is composed of an even number of punched holes. An operator pre-
paring data on, or receiving data from, this even parity machi "e would
know that it had been punched or transmitted inaccurately if a
punched hole appeared in the eighth position when an odd number
of holes appeared in the same row.

Fig. 2-43 The paper tape reader on a teletypewriter

o
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Beginning of tape

Fig. 2-44 Example of a punched tape-with black spots
showing punched holes

The code most often used on Raper tape is called the ASCII code,
which stands for American Standard Code for 'Information Inter-
change. ASCII is, of course, a seven-position code. That is, there are
seven possible positions for holes. Each character is represented by a
unique pattern of holes and non-holes in these seven positions. Fig. 2-45

shows the letters "A," "B," and "C" in these patterns of Code holes.

The data clerk doesn't need to memorize ASCII code; the paper tape
punch automatically punches the correct seven-place code on the tape

each time a key is pressed on the keyboard:Sometimes, however, clerks

need to read ( or decode) a portion of tape, and for this there sire tables

of. ASCII code to refer to. Such a table is included in the Appendix,

"Binary Codes." Using this table, verify that holes punched on the

tape shown in Fig. 2-46 are ASCII code for "431-42-9522 JO GIBBS.-
Remember that the beginning of the tape is at the bottom marked by

the arrow-like point.
The device most commonly used for preparing data on paper tape

is the paper tape punch connected to a teletypewriter. Although there

90
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are many different kinds of teletypeWriters, they all look something
like electric typewriters. Many are equipped with both a paper tape
punch and a pawr tape reader. For our purposes, the teletypewriter
must have a paper tape punch and reader attached to it, if we are to
use it for data preparation. Such a teletypewriter is shown in Fig. 2-47.

The keyboard of the teletypewriter ( or Tty) is arranged very
much like that, of a conventional typewriter, only some of the special
keys at the right and left are used for different operations. Another
typing difference is that most teletypewriters ,(Tty's) type only in
capital letters; lower-case letters are not used. There are also some
special keys on Tty 's w leh will be explained a little later in this section
when you start work' ig at an actual Tty. Right now you need to note
that, basically, typing on a Tty is like typing on a conventional type-
writer. Everything you type on the Tty keyboard is automatically

Fig. 2-45 Paper tape showing the seven-code hole-
positions for letters A, B, and C
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Fig. 2-46 Paper tape punched with data

typed out on a paper aboNe the keyboard. On the Tty this paper is fed
in from a continuous IA of paper. whereas on a regular t. pew liter one

sheet of paper is fed in at a time.
Data can be prepared on paper from the Tty's ke hoard b switch-

ing on the paper tape punch attached to it. Look again at the telet pe-
writer i Tty) pictured in Fig. 2-47 and lockkte the paper tape punch on ..,

the left side of the machine. As you can see in the illustration, paper

tape is fed into the punch from a blank roll and the punched tape is
fed out of the front of the punch in a continuous strip.

To punch a paper tape on theCTty, the clerk first switches on the
Tty and then the paper tape punch. fie or she tliei, proceeds to t) pe
the data ( accurately ) on the Tty ket board. With the japer tape punch
"on" the data are automaticalh encoded on the paper tape and led out
of the punch. Once a complete set of data has been punched on the
tape, the clerk can easily tear the tape off born the punch and switch
the punch off.

,
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Paper

'ape
punch

..

Fig. 2-47 Teletypewriter
with paper tape punch and
paper tape reader

I

When a tape has been prepared, it can be checked, using the
paper tape reader located just in front of the; tape punch as is sianial
in Fig. 2 -47.. When, ft tape is run through thisereader, the data on it
will betyped automatically onto the Tty paper and this typed version
can be checked for errors.
- Check your understanding of this material by answering the fol-
lowing check questions.

1

Check your understanding i

i
1. When using optical scan 'sheets (such as a te9t answer sheet)

as the input medium, one step in the data processing routine is,,
eliminated. It is I
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a. data preparation.
b. input. .,
c. processing.
d. output.

2. Optical scan sheets are normally encoded with

a. special pencils with high graphite content.
b. electronic markers.
c. regular pencils. .

d. special pens with high graphite content.

3. How many positions are used by the ASCII code?
4. There is a row of smaller holes running the length of the

punched paper tape; these holes are

a. the sixth hole of the ASCII code.
b. the fourth hole of thASCII code.
c. feedor guide holes for the tape reader.
d. none of the above.

5. Sometimes a hole is punched et the far right side of therow on
the paper tape; this hole is

1_,
a. the first hole of the AS,uil code.
b. the eighth hole of the ASCII code.
c. feed holes for the tape reader.
d. none of the above.

6. Using the ASCII code table in the Appendix, decode this tape:

-
What does the tape say?

7, What device is normally used to prepare punched paper tape?

94
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88 The nature of the computer system

Magnetic media:
tape, disk, and drum

,...

Magnetic tape. One of the most widiy-used mediums for high-
speed input and output is magnetic tape. 'Besides being considerably'
faster than punched cards ecards or tape, magnet tape can carry much more
data in much less space. Compare for exonple, the 10 characters per
inch carried on paper tape with the capacity for np to 1600 characters
per inch on magnetic tape (usually half an inch wide). Likewise, while
paper tape is react through a teletypewriter at 10 characters per second,
data on magnetic tape can be input at the rate of 150,000 characters
per second. The content of 10 punched cards ( 80 c lumns each) can
be stored on one inch of magnetic tape and input 50 times faster from
tape than from cards.

Another advantage in using magnetic tape is that the tape may be
erased and reused over and over again. This makes it an economical
medium compared to one-time-only punched cards or paper tape.

Magnetic tape is /cry similar to the kind of tape used in home
tape recorders. Bits of information are recorded as magnetic spots on
the tape and can be "read" back to the computer at a later time. These

.spots, which are invisible to the eye, arc recorded in seven "tracks" or
"channels" across the width of the tape. ( Many types of magnetic tape
have nine tracks. )'Fig: 2-48 shows a magnified piece of magnetic tape,
encoded with the data "ADDRESS FILE."

As you' may have figured out, nine bits across the width of the tape
represent one coded letter or numberone characterof information.
The psesence of a niAgnetic spot represents ,a binary one and no t pots
represents a zero.

,t

Although this code may appear to be similar to the ASCII code
used on paper tape, it is an entirely different code. It is called EBCDIC

Address File Fig. 2-48 Enlarged mag-
netic tape encoded with
the data "ADDRESS FILE"
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( Extended Binary Coded Decimal Interchange Code). It is, howevei,
based on the.two-sxmbol binary system as are all codes used in the
computer system. at is the punched card or paper tape equivalent
of a "spot" on magnetic tape?

Magnetic tape is wound on "reels." One reel of tape is usually
2400 to 8600 feet long. If one type of magnetic tape can carry 1600
characters (1600 seven-bit patterns) per inch, about how many sepa-
rate letters and numbers could be carried on a 2400-foot roll of tape?

Random access devices. Although there are many advantages to
using magnetic tape as an input meditnn, there is one drawback: data
must be recorded and read serially. That is, to get a particular set of
data or "record," all previous records preceding the desired record
on the tape must first be read in order to get it.

This problem of serial access led to the development of random
access devices, on which any record can be read without regard to its
order in the set of records. Random accessing is like placing a phono-
graph-needlein the middle of a long-play album to play just the third
song. The firsrtwo songs, therefore, don't have to be played before the
third is finally reached. Instead of phonograph needles, random access
devices have what are called "read-write heads." As the term implies,
these heads both record and read data on the particular random access
device used. Random access is often referred to as directly addressable
or direct access data:

Two magnetic mediums which allow random access, and thus
can be faster as an input medium, are magnetic disk and magnetic
drum.

Magnetic d; . The magnetic disk is similar to the old-fashioned.
;ukebox record. Howe er, if ou look carefully at the disk illustrated in
Fig. 2-49, you will notice that the tracks on the disk actually form
separate circles or tracks rather than spiralling in a continuous line
toward the middle, as grooves on records do. One disk, in fact, can have
hundreds of tracks on each side. Data are recorded on these tracks in
code by read-write heads in the form of magnetic spots. The coded
spots are ahnost microscopically small.

To make them even more useful and easy to handle, disks are
stored and worked with in detachable "packs." Several disks are stacked
together in one pack with a fixed distance of 1/4 inch or so between each
disk. A disk pack. will normally contain between six or more separate

96
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disks, and can hold up to nearly eight million characters (or as few as a
quarter million characters), depending on the number of tracks on
each disk and the number of disks in the pack. A typical disk pack
might have six disks ( ten recording surfaces since top and bottom
are not used for storage of data) with 7,250,000 characters of informa-
tion: .

Since the surface of each disk has a magnetic coating onto which
'the coded'spots are written, .you can understand that care is needed

Fig. 2-49 Magnetic disk, showing recording tracks



Fig. 2-50 A typical disk
pack

Fig. 2-51 MagMic drum
*at
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bands
read write heads

to protect the surfaces from damage..Vor this reason, packs are kept
in plastic covers when not in use. An added protection is given the
disks in disk packs by leaving the two exposed disk surfaCes ( the top
surface of the top disk and the bottom surface of the bottom disk)
blank.

Magnetic drum. A magnetic drum is a metal cylinder coated*with
Magnetic material. While it may be of almost any size, the typical
magnetic drum is about the size of three typical disk packs stacked
one on top of the other. Data are recorded as magnetized spots in cir-
culai tracks or bands around the surface of the drum, as shown in Fig.
2-51.

Before going oh, check your understanding of magnetic media by
answering the following questions.
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Check your understanding
'1. Data on magnetic tape can be input at the rate of 150,000 char-

aclers per second. Which of the following media can be used

for faster input?
a. Magnetic disk.
b. Paper tape
c. Punched card
d. Magnetic drum

.

2.. One big disadvantage Of.magnetic tape as an input medium is

a, the high cost.
b. lack of dui.ability.
c. random access.
d. data are reC?rded and read serially.

34 Which pair of "input devices below is an example of random
. access?

a. ,Punched card itader and paper tape reader
b. Magnetic tape unit and magnetic disk unit
c. Magnetic disk unit and magrktic drum unit
d. Magna drum. unit and magnetic tape unit

4. A disk p ck usually contains

a. a pack of disks.
b. 6 or more separate diOs on one spindle.
c. probably a million characters.
d. 5 to 100 tracks .

5. On a magnetic disk, data are stored

a. in a continuous spiral.
b. as magnetized spots on strips of tape.
c. in magnetized stacks.
d. as magnetic spots along circular "tracks."

6. On a magnetic drum, data are stored

a. in circles on flat discs.
b. in vertical strips around a circular device.
c. on circular bands. around a cylinder.
d. in a random pattern on the drum surface.

7. Describe the difference between random access and serial
access.
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Direct entry
data preparation devices

At the time when computers were first manufactured for wide use,
keypunch machines were already long-familiar devices. Even before
computers, people were processing data by sorting and rearranging
punched cards, and punched cards had been in use since Herman
Hollerith's 1890 invention. It was easy, then, to convert punched cards
to serve as an input medium for the computer.

There is much to be said in favor of this ndium for computer
input. The punched card is a highly atzurate input medium. Errors
can be corrected easily. The data on the card are visible and- can be
read by human beings. The punched card prOvides a Jingle, convenient
record which is particularly useful as a bill or a paycheck. In addition,
the keypunch is an economical and sturdy device for data preparation.

As CPU- processing speeds have increased, however, and the
amount of data to be processed has grown to great volumes, the
physical handling required in preparing punched cards creates a slow-
down or "bottleneck" in the input-process-output cycle. The data prep-
aration requires keypunching, verifying (by punching all the data over
again )and correction of errors ( by punching new cards ), plus physi-

c cal handling of stacks of cards. If a card is accidcntaily mutilated, bent,
'',stapled or spindled, it stops the punched card reader and thus halts
the entire, input operation. Furthermore, the punched card is "slow."

Dala input from cards can be read at speeds of up to only 2000 char-

. acters per second, while magnetic tape, for instance, can be read at a
rate of up to 320,000 characters per second.

Thus, twenty years after the development of the modern com-
puter, more efficient methods of preparing data for entry have been
developed in the form of direct data-entry devices.

.Direct data-entry devices eliminate the keypunch by recording
data directly on magnetic tape or magnetic disk. Such devices speed
up data preparation by allowing a record to be corrected as itis verified,
saving a step for the operator. A direct-entry device, Icatise it operates
electronicallyy is faster than a mechanical keypunch machine. Input
data recorded on magnetic tape, then, can be input several hundred

-. times faster than punched cards, with no chance of a darriaged card

stopping the input operation.
Let's take a closer look at the direct data-entry device called a

"key-to-tape" device.
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Daia

Velify Error correction
Card reader (up to

2000 characters/sec.)

(a) Datepreparation ark! input" punched cards

.4144.

Program Data
a

Data atry &
error corre*ion

Verify & error
correction

Magnetic tape drive (up
to 320,000 characters/sec.)

(b) Data preparation and input: direct entry key-tetape device

INPUT

Fig. 2°-52 Compariion of data preparation and input
with punched cards (top) and key-to-tape device (hot:.
tom)

Key-to:tam. In preparing data on h key-to-tape device, an oper-
ator sits it a icey8bKd linked to a magnetic tape drive. Each keystroke
is translated into ma is tape codes understandable to the computer,
and is magnptically recur' ed as spots on the tape.

The key-to-tape data recorder actually has a small core storage
area, which. makes it possiblejor the operator to correct errors as he-or
she goes. Ai each character is typed, it is converted to magnetic tape
.code and stored in core storage. Then, when alomplete record has been
keyed in and stored, the entire record is recorded on the .tape at once.
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This allows an operator to backspace and retype an incorrect entry
during the initial phase before the complete typed-in record is recorded
on tape.

Again, key-to-tape offers many advantages .over punched cards
or paper tape for input. Besides speedirig up both the data preparation
operation and . the input operation, there are other Wantages. The
fotmat of the input data is not limited to'80. columns, as in a card, and
recorded data cannot get. out' of sequence is. they cairwilth cards. Elimi-
nation of punched cards saves the cost of cards, maual handling, and
some keypunch operator and training expense.

Key-to-cassette and key-to-cartridge. There are occasions when
data must be recorded where they originate, and it is not practical or
economical to install a large, expensive key-to-tape data recorder. In

Fig. 2-53 A Mohawk Data
Sciences 6401 data re-

.
corder

MP &AS. Sega..

ts,

1.02
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such cases, a key-to-cassette or key -to -cartridge recorder may be used.
The recorder may be connected to a keyboard, such g.s a teletypewriter,
and data are recorded from the keyboard directly onto a smar-(21/2
inch by 4 inch) magnetic cassette tape or on a eattridge. Later, the
cassette or cartridge may be read on to -a full-size- magnetic tape, for.
computer processing. A large organization, for example, may have small
regional offices where data are recorded on a cassette or cartridge: The
cassette or cartridge is then sent for processing to the main office either
through the mail or over telephone lines. Or a cash register can be
equipped with a magnetic tape cartridge which records all sales infor-
mation. The cartridge is then sent to a central location at the end of
each business day for processing.

Some mini-computers ( small computers) accept magnetic tape as
input directly from cassettes.

The 1/4-inch-wide tape, when compared to the traditional 1/2 -inch-
wide tape, offers several advantages. It is more convenient and eco-
inomical to handle and store a complete batch of information on a
single cartridge, which holds 28,000 characters, or on a cassette, which
holds about 200,000 characters.

Key-to-disk. A key-to-disk system is a data preparation and input
system which is even more sophisticated than a key-to-tape system.

Ina direct-entry key-to-disk system, a single magnetic disk or
disk pack can be connected simultaneously to dozens of "key stations"
with operators 1-eying in data at each station. A small -size computer is
also connected to the disk, for the purpose of editing data from the
key stations before they are recorded on the disk. Once the disk is
loaded, it can be nail out on magnetic tape fOr compute; processing,
or the data may be processed directly from the disk, which is usually
the case.

Error rates are decreased into a key-to-disk system, since many
systems have a character-display panel areach key station which dis-
plays the last character typed or even the entire record. Thus the
operator can see errors and make instant corrections.

A disk system with a number of key stations can replace twice that
number of keypunch machines. These systems are expensive now (up
to $125;000), but as the cost is decieasing; the sales are increasing
rapidly. Although they are expensive'o install and operate, key-to-disk
systems are more efficient in meeting the-data preparation demands of
installations where large volumes of data are prepared for input. .

1) 3
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Fig. 2-54 Key-to-cassette device (left). A variety of
cassettes are available (right).

Fig. 2-55 Flow from keyboard through disk to input

Key stations

Mini-computer

Magnetic disk Magnetic tape

1 0 4 ,

r

Magnet ape drive

INPUT
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THE OUTLOOK FOR 'THE FUTURE

Direct-entry data preparVon devices are 'becoming increasingly popu-
lar. Some predictions dicate that the keypunch will be a relic of the

in a few years, wlile others see companies as reluctant to switch
from using the keypunch as the primary data preparation device.

Whether direct-entry de'vices replace the keypunch or merely
.supplement it, certainly data clerks williave to be prepared to be re-
trainee perhaps several times during their careers, as new data prepa-
ration devices are adopted. After a nationwide survey of 1265 data
processing installations,* it was reported that 'Installations are going
to repote terminals and key-to-disk.- As a result they are promoting
keyiunch, operators to more comprehensive jobs. Keypunch operators
who do not want the added responsibility are often being let go." Data
cle0s, then, Can look fonvard to careers which become more interesting
as technology imprOves. On-the-job training will equip most of the
interested data clerks with the skills necessary to operate the 'newest
`devices.

Check your understanding about direct-entry data preparation
devices by answering the following questions.

. Check 'your understanding
1. Direct-entry data preparation devices were developed

a. to eliminate the keypunching bottleneck.
b. just after punched cards.
c. as a way to speed up keypunching.
d. about the same time as modern computers.

2. A "key-to-tape" machine

a. allows the operator to read cards onto tape.
, b. allows the operator to key data directly into the computer.
c. requires the operator to record a new tape if an error is

made.

Conducted in 1973 by Philip H. Weber Salary Administration Services, A.S.
Hansen, Inc., 1080 Green Ray Road, Lake Bluff, Illinois 60044.
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The nature of the computer system 99

d. records magnetic spots directly on magnetic tape after
temporary storage ih the machine.

e. saves time and money compared with keypunching cards.
f. speeds up not only the data preparation operation but also

the input operation.

3. Key-to-cassette or key-to-cartridge recorders usually are
used

- .

a. in a key-to-tape data recorder.
b. when data must be recorded "on the spot."
c. whep immediate processing is needed.
d. When storage capabity is needed..

4. A key-to-disk system.-

a. decrea§es error rates.
b. usually has more than one operator "key station."
c. usually is connected to more than one disk pack.
d. both a and b.
e. both b and

5._,The keypunch operators of the future

.4
a. will be replaced by direct-entry systems.
b. shoiild be prepared to learn more sophisticated methods of

data preparation.'
c. will be let go.
d. wilt be promoted.

_J
fp.
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INPUT DEVICES

Punched card reader

Once cards have been punched by a keypunch operator, they are ready

. .

to be read into the computer by an input devicein this case, the

input device we,wilrconsider will be the punched-card reader.

The card reader is designed to recognize holes. puitched in a card*

and to transmit that code to the. CPU. It will transmit only valid
3-
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Fig. 3-1 Two typical punched card readers. An IBM
3505 card reader (left) and a Burroughs 9111 '9112 card
reader (right)

characters to the CPU. Usually a card reader has a built-in device to
detect invalid characters and to discontinue reading when one is de-
tected. When this happens, the operator must correct, the error before
any further reading can be done. (An example of an invalid character is,
five punches hi a single column. The card reader cannot interpret this
"code.")

There are two basic types of card readers in use: the machine
that reads with a brush-type ig4chanism and one that reads with a
photoelectric cell.

In a brush -type reader, a reading-brush on top of the card makes
contact with a roller beneath the card every time a hole is detected.

The photoelectric cell equipped reader uses a light-sensing device.
The card passes beneath a light, holes in the card allow the light to
shine through them, and this light establishes contact with photo-
electric cells.

Pun hed card readers in use today calf-read' cards at speeds of
from 300 cards per minute to 1600 cards .ier minute. ( That's more
than 20 ards each second!) Imagine how many keypunch operators
would b needed to keep one high-speed card reader operating con-
stantly.

102
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' Input and "output devices 103

You can see that, with the speeds of most such input devices, the
data preparation step is frequently the "bottleneck" that slows down
the entire flow of information through the computer system. If the
system is to.operate efficiently, a number of keypunch operators are
needed to supply input for a single card reader.

.

Fig. 3-2 A brush-type
card reader reading
a punched card

i

e .
. Fig. 3-3 A photoelectric

cell-type card reader read-
ing a punched card

.

Card hopper

e- .7
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164- Input and output devices

Optical page reader

The optical page reader (or "optical scanner") is designed espe-
cially to read optical scan sheets such as those mentioned on page 79.
Using an optical scanner, such as the one pictured in Fig. 3-4, thousands
of test answer sheets can be automatically and accurately scored and
the results recorded in the same time it would take to score one answer
sheet by hand.

Sometimes the optical scanner reads the data from the optical scan
sheet directly into the computer for processing. In other instances, the
data may be read onto magnetic tape which is saved for later process-
ing.

Paper tape reader

Until now, you probably have been using the teletypewriter
strictly in the data preparation modethat is, in "local mode"for

Fig. 3-4 A Westinghouse
W-300 Optical Mark-Read-
ing System'



Input and output devices 105

punching paper tapes. This made is often called "off-line"that is,
not connected to the computer. Once you have a prepared paper tape,
how&er, you can convert the teletypewriter to "on-line" mode by
connecting it directly to the computer and using the Tty's paper tape
reader to input the data from your paper tape.

Teletypewriters (or Tty's) most often make connections with a
computer by a conventional telephone line. The telephone number for
the computer is dialed and, when the answering high-pitched sound is
heard, the telephone.receiver is placed on the coupler attached to the
Tty. The coupler also emits a high-pitched sound, which is picked up

, by the receiver and transmitted to the computer. In that way, the
connection between the two machines is made, and they can now
transmit information to each other in code in the form of patterns in
their respective sounds. With the telephone connection made, the tele-
typewriter's paper tape reader can be used to input data from your
tape.

With a teletypewriter in "on-line" mode you can input data also
by typing at the keyboard.

But, since the paper tape reader can read a prepunched paper
tape at a speed of ten characters per second (or"ten rows of code-holes
per second), it is obviously considerably faster than typingespecially
if you hunt-and-peck! Saving time also saves money, if you are being
charged for the length of time the teletypewriter is connected to the
computer.

There are many models of paper tape readers other than the one
found on most teletypewriters. Some are used as parts of terminals at a
distance from a central computer and others are used as input devices
connected directly to a computer. Fig. 3-5 shows a Digitronics paper
tape reader. It is a high-speed reader often used with mini-computers.

Magnetic tape drive

Another input device common to computer systems is the mag-
netic tape drive. It reads input data from magnetic tape and transfers

it to the computer. As you know, magnetiC tape used in connection with
computers Works something like regular magnetic recording tape.
Likewise, the magnetic tape drive unit works very much like a regular
tape recorder. In fact, just like the average tape recorder, the magnetic

1 12
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106 Input -and output devices

tape drive can both "record" (or "write") data onto magnetic tape and
`read" data from the tape.

The magrietic tape itself is always stored and handled on reels,
like those pictured in Fig. 3-6. Data is carried on the magnetic tape in
code in the form of magnetized spots rather than in the form of holes,
as in cards or paper tape.

rraTo.0 rz.

1 1 3

Fig. 3-5 A Digital high-
speed paper tape reader
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How do -the magnetic spots get "written" onto the tape? For the
answer, remember what we said before about the'magnetic tape units
being able both to record onto and to read from tapes, and -then look
more closely at the illustration of the magnetic tape unit in Fig. 3-6.

The magnetic code is written onto the tape by the read-write
head located at the center of the unit. It is called a "read-write" head
because it does both the "writing" onto tape and the "reading" from
tape for input into the computer. Inside the head there are usually
two sets of magnetic coils which can either sense the presence of mag-
netized spots (that is, "read" them ), or magnetize spots on the tape's
surface ("write" them).

You will remember that there are special machines that can be
used to record the magnetic spots directly on tape from a keyboard.
Without a key-to-tape machine, however, it still is common for com-
puter systems to use magnetic tape,. In this case, there is no manual key-
board available. The read-write head is run electronically from the com-
puter itself. So, if a program or some data needs to be put onto magnetic
,tape, it is first put into the computer from punched cards, paper tape, or
a. ny other medium. The computer is then simply instructed to output
the same material on magnetic tape through the tape drive's read-write

F head.

Fig. 3-6 Magnetic. tape read-write mechanism

MAGNETIC TAPE

"read-write head"

1 I 4

MAGNETIC TAPE
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Fig. 3-7 A typical mag-
netic tape drive

v

Computer centers often have a library which is 'comprised of
master magnetic tapes encoded with often-used programs and data.
When a computer run calls for the input of material froth these tapes,
the operator simply locates the appropriate tape in the tape library and
mounts it on the magnetic tape drive. When it needs the material, the
computer can then activate the tape drive's read-write head to "read"
the coded spots and transfer the data electronically into the computer
for use. The computer itself his complete control over activating the
tape drive to input (or "access") material. But, the computer does so
only according to instructions. These instructions come from the pro-
gram being run or from the special instruction card's for the nin which
are given to the operator by the prograrrmer.°'

' These cards are most often referred to as "job control cards." They are commonly
used to tell the computer how to prepare for a run. ..

,
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Input and output devices 109

Most magnetic tape units look something like the unit- pictured
in Fig. 3-7, They are set up and threaded very much as regular tape
recorders are. Instructions for setting up individual tape driVes are
always available in the manuals accompanying the given unit.

When a complete program or batch of data (called a "data file")

is being input all at once by a magnetic tape drive; you can observe

one of the things which make magnetic tape and the magnetic tape
drive so useful for inputting data into the speed!

There are two input devices, however, which are even faster than

a magnetic tape drive. They are the magnetic disk drive and magnetic
drum drive.

Magnetic disk drive

The magnetic disk drive is used to input data from.magnetic disks.
You will recall that data on a disk are in the form of magnetic spots,,
which are recorded and read by read-write heads. These heads are
situated in the drive unit so that there is one read-write head for each

disk surface in the regular disk pack, as shown in Fig. 3-8.

The access arms can be moved in or out so that the heads are at
any chosen track position. The head for the desired surface can then
he activated to read the magnetically coded spots (representing data)
on the correct track of that surface.

The read-write heads of the disk drive are run electronically by
the computer. So, to record new programs or data onto magnetic disks,

the material must first be fed into the computer on punched cards,
paper tape, or other media. The computer can then be instructed to
output the same material on Magnetic disk through the disk drive's
read-write heads.

Large computer centers oaten have cimsiderable material stored

on ma etic disks, including their most frequently used programs and

data. N, en a computer run calls for input which is stored on a disk
pack, th computer operator simply removes the correct pack from
the storag room. Then it is mounted on the input device ( the disk

drive) very uch as a stack of re,ords would'be mounted on a record

player:
When the computer needs the data, it directs the drive unit to

move the access arms on the read-write assembly to the correct track
position and to activate the read-write head for the correct surface
to "read" the coded data into the computer. As in the case of the

1
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Read write heads

Access arms

Centra4 drive shaft

ItttD

a
a
a

Fig. 3-8 Illustration of a mounted disk pack with read-
write heads in position

Magnetic disk pack'

Magnetic tape drive, the computer alone can access ( or locate) data
on disks through the disk drive. The computer does so according to in
structions given it in the program it is running or on the job control
cards for the run.

From the description of accessing data above, you can see that
the capability for random accessing is the feature of the disk pack
which makes it a faster input medium than magnetic tajie. To select.
out any given data on a magnetic tape, the entire tape must be run,
foot by foot, through the read-write head until the place of the correct
data is reached. To locate the given data on a magnetic disk, however,
the access arms on the read-write assembly need only to be moved to.
the correct track position, and the needed head activated. Can you see
that the programs and data recorded on the hundreds of tracks on the
ten disk surfaces in the pack can be reached (or "accessed") immedi-
ately with just a shift of the read-write head assembly?

If a large computer center has a tremendous amount of data which
it uses almost constantly, you can see that the computer operatdr would
be better off if the data were stored in disk packs rather than (,n

110
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Fig. 3-9 A typical disk
drive
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magnetic tapes. Still, disk packs would have to be located, mounted,
and dismounted. Another input medium often used in large computer
installations for the rapid input of continually used programs or data
is the magnetic drum.

Magnetic drurri drive

As'you have learned, a magnetic drum is a metal cylinder coa4ed

with magnetic material. Data are recorded as magnetized spots in
circular tracks ofands around the surface of this drum.

Data are always recorded onto and read from magnetic drum by
the read-write assembly in the magnetic drum drive unit. This assembly

1 1,8
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is actually a series of read-write heads, one for each band on the claim.
The heads are positioned near the surface of the iirum to record or read
magnetic spots as the olinder rotates. If you examine Fig. 2-51, you-
will see that there is ore read-write hedd for each band. This makes it
possible for all the bands-on the drum" to be scanned simultaneously.
Any particular data, therefore, can lie located within one swift revolu-
tion of the drum, and it is this feature of the drum that makes it a
faster medium thaq the disk and, for certain kinds, of jobs, more con-

-venient.
From the description above you can see.that the magnetic drum

would be a harder medium to carry around, store, mount, and dismount
than a disk or magnetic tape. This is true not only because it is often
very large but because its entire cylindrical surface, which carries the
data, is entirely exposed and highly delicate. For these reasons, the
magnetic drum is ordinarily rnomited ianently on the drive unit,
whereit is protected by a .vacuum-tight cover. Because the magnetic
drum is left always in position, Computer centers need to make certain
that they are installing a drive unit with a drum sufficiently large to
carry all the data they need to have on it.

Once a magnetic drum is encoded with a center's most constantly
tksed,piogrami'xid data, iris ready on the magnetic drum drive for4
inPtit at mny time. )Vhen a particular program or data file oh the drum
is needed for a run, the computer directs the read-write heads to scan
the tracks for the correct material as the drum rotates at high speed.

. 119

Fig. 3-10 A magnetic
drum drive
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Once it is located, the coded mateliakis "read" by the correct read:write
head and electronically transferred into the computer for use:The
data on a .magnetic drum cm ke,accessed for input only by tlte com-
puter,eccordiq,.to instructions given it by a program, job control
cards, or the console typewriter. (The console typewriter is discussed
in-greater detail later in the chapter.)

Input and output devices 113

Pattern recognition devices

Another c hallenge to the keypunch/card mopopoly in data prep-
aration and entry is the use of devices which recognize information in

. printed oi written form. One such device uses magnetic-ink characte
./recognition (MICR), and another is an optical charatter rccogint3o9

(OCR) device. .
No doubt you have seeii magnetic ink cliarqae s 'personal

checks. If you don't have a checking account of your "ox i, Idoliat one 1
of your mother's father's checks:The/bank number an the checking
account number will both .appear in oddly shaped mu bers and sym-
bols at the lower left edge of the check..These are magnetic-ink char-
acter recognition (MICR), characters. They are pr ted on the check
with magnetic ink.

MICR was developed esifecially to help banks process all of the
various sizes and, shapes of checks that go through a .bank. Magnetic

a

Fig. 3-11 Magnetic-ink characters of a check
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Fig. 3-12 A typical titagrietic character reader-sorter

,
Fig. 3-13 g gas credit card receipt with OCR num=
hers
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ink mitke it possible to use the original check as computer input, witli
no further`dat preparation. The MICR characters are readable by
humans as well as machines. Although the-MICR characters meet the

'needs of banks and other financial institutions, they cannot be used in
many data processing problems, since there are no alphabetic char-
acters, only numbers.

The input device which reads these MICII liumerie characters is
called the magnetic character reader-sorter. One is ;:hown in Fig. 3-12.
Vie reader-sorter ,can read MICR characters froin checks of
different lengths, widths, heights, and thicknesses. It either records
the data on magnetic tape for later processing or transmits the infor-
mation directly to the CPU ..for updating cusimers' accounts. As it
reads information from the checks, the reader-sorter also sorts them by
account number into its various pockets. MI of this takes place at a
rate of about 1600 checks per minute. _

Optical character recognition (OCR) eliminates keypunching and
allows data to be prepared simply by typing or even hand-writing the
data. One common use is in credit cards: the next time your parents
charge a lank of gas with a credit card, examine the receipt. The card

--

number and anumnt of purchase will be printed in specially-shaped
numbers, as shown in Fig. 3-13.

The input device, an optical character reader, can read these nm»-
bers directly ieto the CPU or onto tape or cards for later processing
and customer billing. Some optical character readers can read type-
written characters from a page, or even hand-written numbers. For
example, data might be prepared on the spot by utility meter readers
or sal, -ersods, and read directly into the computer by an' optical char-
acter re- cr.

Another type of optical reader will accept and read plastic ID
cards or badges to admit personnel to a high-security area, for instance.
Such a device is.shown in Fig. 3-14.

The mark-sense card reader we discussed earlier is actually
another type of optical character reader. It reads pencil marks placed
in predetermined positions on a card or paper document. Similar types
of readers are used to automatically score the millions of answer sheets

from the standardized tests achievement tests, for example)" that stu-
dents take every year.

Optical Character readers, or "optical scanners" as they frequently
are called, vary in speed and costs. Some scanners read only .70 char-
acters per second, and others operate at speeds of up to 2400 characters

1 22



Fig. 3-14 Example of an optical ID card reader sys-
tem

per second. Predictably, cost of optical character readers goes up with
increased reading versatility and speed.

Now check ybur understanding about input devices.

116

Check your understanding,
1. A punched card reader

a. may be brush-type or photoelectric-cell type.
b. can read cards much faster than people can keypurlch

cards.
c. is the most common input device found in computer cen-

ters.
d. all of the above.

123
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2. An optical page, reader

a.- is commonly used to score and record test answer sheets.
b. is designed especially to read optical scan sheets.
c. both a and b.
d:*neither a nor b.

'3. A teletypewriter, can usually be used for

a. data preparation.
b. input.
c. both a and b.
d. neither a nor b.

4. "Local mode" means

a. off-line.
b. on-line.
c. directly connected to the computer.
d. input mode.

5. A teletypewriter is converted to an "on-line" device by

a. the paper tape reader.
b: connecting it to the computer by a telephone line.
c. using it as an electric typewriter.
d. using it in local mode.

. An important input device on a teletypewriter is the

a. paper tape punch.
b: paper tape reader.
c. keyboard.

' d. both a and b.
e. both b and c.

1

7. A , magnetic tape" drive unit can

4

.
, a. reap data from magnetic tape.

r b. 'record data onto magnetic tape..
, 0 *

., c. be used only for input.
d. both 'a and b.
e. both a and c.

8, To he magnetic tape drive's read-write head can .

a. read data from magnetic tape.
b. record data onto magnetic tape.

9 c. be used only for input.
d. both a and b. .

e. bothi and c.

a

t

r
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9. The magnetic tape drive is activated by

a. the computer.
b. a human operator.
c. a key-to-tape machine.
d. a data clerk-.

10. Magnetic disk and magnetic ,drum units are

a. faster than a magnetic tape drive because they are ran-
dom access devices.

b. faster than a magnetic tape drive because they are serial
access devices.

c. slower than a magnetic tape drive because they are ran-
dom access devices.

d. slower than a magnetic tape drive because they are serial
access devices. '

4

11. A six-disk pack will need

a. six read -write heads.
b. twelve read-write heads.
c. ten read-write heads.
d. none of the above.

12. Magnetic-ink character recognition (MICR) and optical char-
acter recognition (OCR) devices

.a. recognizeinformation in printed or written forms.
b. bypass the keypunching operation.
c. can read data in the same form as humans can.
d. all of the above.

OUTPUT DEVICES

Data go in
information comes out

The function of output devices is, naturally, to output the informa-
tion produced by the computer in d form that is understandable to
humans. Perhaps at this point we should clear up a distinction between

125
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two words we have used frequently, "data" and "information." Data are

the raw material to be processed by the computer, and information is

the meaningful result of that processing.
Data in unprocessed form are not very meaningful to human

beings. When data are arranged and presented in a meaningful manner,
they are called information. The number "54" is an item of databut is
not, by itself, information. If Our teacher says to you, "You scored a 54

on your test," you still don't have any more knowledge than you had
before unless you can relate that to other data or information=or unless
the teacher gives you more information. If you know that the test
consisted of 100 fiery easy items, does your score, of 54 now become

"i nf Orm at ion"?
If you know that the test consisted of 60 very difficult items, is-'an

score of 54 information? Or, is it information if your teacher tells you
your score was the highest in the class? Of courseUf the data "54" is
related to other data in a meaningful way, it becomes information.

Output from a computer system usually consists of data that have
been combined, rearranged, calculated, and analyzed tn.produce infor-

mation. For example, if the input data are all the semester grades

of IV the students in your school, what might the output information
be?

The grade lists submitted by each teacher are dita, and the rear-
ranged grades are information. Report cards, honor roll, and failure list
provide a meaningful way of reporting data. Report cards are meaning-

ful to each student and to the student's parents. The honor roll tells

everyone who were the highest achieving students in the whole school.
The failure and incomplete lists tell teacheri and administrators who

needs more held and encouragement. They identify students who are
failing every class, so that counselors can talk to ,the students and work

out ways to help' them improve.

Fig. 3-15 Data are the raw
material to be processed;
information results from
processing.

126
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INCOMPLETES

I FAILURE LIST
HONOR ROLL

REPORT
CARD

0. Informatio
(Reports)

Fig. 3-16 Data become information through proc-
essing.

Inventory list

Commission report

Reorder list

Billing accounts

(Purchase info.) (Accounts, reports)

Fig. 3-17 Billing data can result in variousdnds of
information.

Consider the chain department store that inputs data concerning
sales and charges to a central compater every day. After being proc-
essed, calculated, and recombined, the output could provide valuable .

and necessary information to many decision makers. Think of all the
information that could be obtained just from data about sales ( color,
stock number, price,' clerk's department number and identification num-
ber, and charges ):

A list of items' by,color and stock number that need to be re-
stocked from thtlwarehouse.
A list of items that need to be reordered to maintain the inven-
tory in the warehouse.

120
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Input and output devices 121

A report for the payroll department showing the amount of
commission each clerk 'is entitled to, based 'on volume of sales.
A summary of total sales for the day, by department, for the
managers of that particular store and for the central head-

.
quarters.

.

EA list of charges,.for the billing department.
v

A variety of output devices can be used to produce all of this inforina-
tion. A visual display on a terminal with a TV -like screen might be
sufficient for some users, while others might need the information
punched on cards, or printed on paychecks, invoices, or as a report.

Let's examine some of the more commonly used output, devices in
greater detail.

Printers

In our Paper-oriented society, the computer printer is the most
indispensable part of the data processing operation. A printer translates
the computer's electronic way of representing information into informa-
tion that is readable by human beings. There are two common kinds of
printers: the character printer and the line printer.

. Character printers print a single character at a time, one after the
other, the way a typewriter prints. An example of this kind of printer
would be the teletypewriter, or any other keyboard device. Even a
terminal with a;TV-like display screen is often a character-at-a-time
printer, although it may be faster than a typewriter. Most character-at-
a-time printers are dual devices, used for both input and,output.

The most commonly used output device is the line printer: It is
called this because it prints all characters on a .given line simultate-
ously. When you consider that a line of print can have 100 or more
Cliaradteii.iii yciu can readilyWthal a line printer operates at a
much greater speed than typewriter-like devices which can only print
one character at a time. In fact, an average line printer can print at a
speed of ten complete lines per second or faster. ,( How many "char-
acters per minute" can be printed at a speed of ten 100-character lines

per second?)
The printer is always under the control of the computer which

sends it electronic, impulses of information. These impulses cause the
printer to print out the information using the regular alphabet, num-

.1 28 .
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Fig. 3-18 Line printers
print a full line at a time.

.
bers, or characters that people can read. The printuut paper used by the
conventional printer comes in various size rolls with holes at both edges.
The paper on the roll is continuous, but the page lengths are marked
off by tiny perforations for easy teaiing later.

The printer not only will print as.directed by the computer, but it
can; be set up to detect when the perforations marking a page's end
have been reached. It will automatically skip over the perforations and
begin printing again on a fixed line (so many lines down from the per-
forations) on the next page. The printer can also detest when the end
of the paper roll has been reached and signal the operator. At this point
the operator must load a new roll.'

There are two basic types of line printers: impact printers 4 which
print using a type bar or Wheel pressed against the paper.), and non -
impact printers (which form an image. by chemical or other

andmeans). Almost all printers use an impact mechanism and produce
output which looks very Much like that shown in Fig. 3-19.
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Fig. 3-19 Example of output from akonventional line
printer

The most common impact printer is the chain printer. In this
printer, the characters are in a circular steel chain which moves hori-
zontally in front of the paper. Hammers in back of the paper press the
paper forward against the type-characters on the chain, thus impressing
the character onto- the paper. Only one revolution- of the chain is re-
quired to print a line. If an ''E" is to be printed 28 times in one line, the
"E" character on the chain will be printed each time it passes in front
of a print position on that line where an "E" is required.

Another common impact printer uses a metal drum engraved with
rows of characters. The drum revolves during printing, moving each
row of.characters past the print hammers. As the proper characters pass
by, the hammers press the paper against the drum to print.

A type-wheel printer is another impact printer, with each printing
character on an individual metal print wheel. Still another impact,
printer forms each character as a pattern of dots imprinted by the ends
of small wires. As you can see, each of these printers works in essen-
tially the same way.

Nonimpact printers operate with chemically' impregnated paper
which is energized by pulses of current or dusted with a deposit of
electrostatically charged ink. Nonimpact printing techniques are avail-
able which will print as fast as 31,250 lines per minute. But you can
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Ribbon

Type

Fig. 3-20 The chain printer. mechanism

imagine how expensive such a printer would be! (Do you think the
cost would be justified by the extremely high speed in some casesfor
example, for certain kinds of output in a space flight project?)

Line printers are usually quite.v satile and can be adjusted to
print on various sizes and weights of pa er. They are commonly used,,
for example, to print reports, checks, r o ds, invoices,' and just
about any other type of output that can be printed on paper or forms.

Since it is most common for computer sysfems to use a printer for
a major portioii of its output, the. computer ,operator usually becomes
quickly familiar with loading and adjnking the printer in his or her
sysfeni. .

Card punch

There are times en the output from a computer is data which
need to be stored on pu clied cards.' An example would be when the
data will be used at a laier time as input ddta.

.131 'a
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You are alreadyfamiliar with the medium ocpunched cards, which
you' read about on pages 69 through77. There 'you also learned about
the keypunch machine which the human operator can use to punch data
onto cards for input. As you saw; the cards are input by a card reader
connected to the computer, But, how can a computer get its output
punched onto cards for future use? .

The 'device which the computer uses to output information on
punched cards is called, naturally enough, a card punch. It is always
connected directly to the computer. Frequently the card punch is com-
bined with a card: reader, as is shown in the illustration below. When
the two devices are combined, the unit is usually called the card read/
punch.

Whenever a computer run calls for output to be produced in the
form of punched cards, the operator is respOnsible for loading the card
punch hopper with blank cards and for readying the device for, use
when the computer calls on it. When the computer activates the device,.
cards are automatically drawn, one at a time, from The hopper through
the punch station .where the data is punched ic, 'coded holes into the
card. Once punched, the card is deposited in the unit stacker.

Fig. 3-21 A typical card
read/punch

41.
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Since they are.punched and depositedone at a time, the cards are
always keptin order. When the nm is through, the Operator has only to
remove the complete card deck and stoic it or route it to the program-
mer, depending on what instructions he or Shoskas 'received for the
deck,

Paper tape punch

You will remember from the discussion on pages 81 through EI5

that paper tapes can be punched by a machine operator using a separate
paper tape pun& or a teletypewriter witli a !per tape punch attach-

,

Fig. 3-22 A paper tape
reader punch
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ment. Both of these devices are equipped with keyboards on which the
operator may type the data to be ictinched.

'When the computer heeds to output data in the form of paper
tape, it most often uses the output device calle&a paper tape punch,
which is connected directly to the computer. Once the ,computer op-

(
etator has loaded the paper tape punch with a roll of blank tapes the

- computer can activate the punch at any time. There is, of course, no
keyboard on'this device. The compact controls the fiach,,meclianism
entirely eleciionically. It sends imptilses to the punch station topthich
the proper sequence of holes to represent each piece Of-data. When all
output has been produced oil the 'paper' tapetArany given 'run, the'
operator removes, the coded tapaand stores or routes it according to the
instructions for the run.

If you will go back and reread page 105, you will see that the com-
puter can also use the paper tape punch attached to a teletypewriter as
a paper tape output device. 'The teletypewriter need only be connected
by phone to the computer and the punch turned on for the computer to
be able to use it for output puiposes. But, remeinber, this is a remote
terminal 'usually used at a distance from the computer.

Magnetic output devices

ti` The magnetic tape, disk, or drum devices you studied on pages
105 to 113 as input &vices can serve as output'units as well. W'henever
a program requires output onto a, magnetic. medium, the computer
electronically activates the read-write assembly of thd appropriate de-

: vice and transmits all data to it to be "written" (encoded in magnetic
en_thium. Any information output onto a magnetic tape,

disk, or drum can be illy -stored in the computer room for future use.
When a' computer program specifies a magnetic medium, say a

disk, for output, the computer operator loads the appropriate disk or
disk liackogio the disk drive. When the computer comes to the part in
tile program requiring this output means, it picks up-the disk and track
location specified by the program and transmits that location to the disk
drive's read-write head. The'read-write head is activated, And' it reads
until it reaches the desired location. Then the computer transmits the
data that are to be written on the disk to that read-write head, which
records the data onto the disk.

Once all the informatioirhas been output onto the magnetic disk

or disk pack,-the medium is stored for future use.

.1-`14

a

I



.4,

1

1-

N

Fig. 3-23 A plotter draw-
ing a graph

Fig. 3-24 A plotter design
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Other output devices

In addition to printed words, punched holes, or magnetized spots
there are-other forms of computer output such as graphics and even
voice output.

One faiily_connnon graphics device is called a "plotter." A plotter
has a movable pen controlled by the computer to draw graphs or de-
signs, as shown in Fit,vureS 3-23 and 3-24.

Graphs and creative des;gns can also be output in picture form on
terminals with TV-like display screens. Engineers commonly use such
terminals to help them design and modify drawings. The_drawings can
be stored in the computer and displayed on the screen so the engineer
can "draw" chanJes with the light pen.

See how well you understand output devices by answering the
following questions.

Check your understanding.

1. The difference between "data" and "information" is

a. data are "unprocessed information."
b. information is input, data are output.
c. data are usually not meaningful to human beings; informa-

tion is meaningful.
d. both a and b.
e. both a and c.
f. all of the above.

2. The most common output device in most computer centers it

a. the line printer.
b. the teletypewriter.
c. the card reader.
d. the CRT.

3. Line printers

a. print about 100 characters per line, one character at a
time.

b. cat. be activated by an input device.
c. print an entire line at a time.
d. can print on only one size paper.

136
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4. A card punch

a. is another name for a keypunch machine.
b. is frequently combined with a card reader.
c. is activated by a card punch operator.
d. can be used as an input device.

5. A paper tape punch usedas an output device

a. is activated by the computeff
b. may not have a keyboard.
c. may be a part of a teletypewriter.
d. allof abbve.

. Which of the devices below is (or can be used as) an output
device:

a. Card read/punch
b. Paper.,tape punch
c. Teletypewriter
d. Magnetic tape drive
e. Line printer p
f. Plotter t .

g. Magnetic disk unit
h. Magnetic drum unit
i. A display screen on aterminal

TERMINALS: -

REMOTE INPOT/OUTPUT-DEVICES

As you probably are aware, in the present day more and more com-
panies and government agencies have their operations dispersed or
decentralized into branch offices around the country. As organizations
find it increasingly essential for data to be collected, processed, and
analyzed without delay, more and more use is being made of remote
terminals. Through these, distant branch offices can send their data to a
central office in a matter of minutes for processing which, in turn, may .
take only a few seconds.

Why don't small-businesses and 1*anch offices of larger compahies
just install their own computers? Many organizations find it simpler,
more convenient, and less expensive to lease a terminal which can be
connected to a central computer than to install their own computer

1 3 7



Input and output devices 131

system. The demand for remote computer access has encouraged the
development and speed of time-sharing computers and terminals.

You will remember in our earlier discussion of time-sharing that
we talked about "terminals" as input and/or output devices located at a
distance from the central computer system and connected to the com-
puter by telephone lines. A "terminal" can be as simple as an electric
typewriter, or it can be much more complex, with additional input or
output devices and attachments. Let's look at the simplest kind of
terminal first, then go on to consider terminals that have more and more
capability and complexity.

Keybosard terminals
4.

You have probably already used one of the simplest and most com-
mon keyboard terminals availablethe teletypewriter. To use it, the
data clerk simply makes a telephone connection to a distant computer,
types a coded "password," then types all input at the keyboard. Every-
thing the user types is converted to pulses and transmitted over the
telephone line to the computer center.

There are many other keyboard terminals in use, all of them
similar to the teletypewriter. The IBM 2741, for example, is commonly

used as a terminal in an I13.N1 computer system.

Fig. 3-25 Some keyboard terminals. Teletype (left)
and IBM 2741 (right)

138
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Fig. 3-26 A card dialer
telephone terminal

Most keyboard term!nals can be used "off-line"that is, not con-
nected to the computerfor ordinary typing.

An even simpler "keyboard" terminal is one you are very familiar
with. It doesn't have a printer, and transmits only numbers. It is the
telephone itself. One type of touch-tone telephone, for example, is
designed so you can automatically dial a computer by inserting a plastic
card with holes prepunched in it. Then you can insert a gasoline credit
card with prepunched holes for the account number, and finally enter
the amount of purchase by touching the correct number keys on the
telephone. 'This is called a Card Dialer.

Punched paper tape terminals

Most terminals which transmit and receive punched paper tape
are the familiar teletypewriters with paper tape attachment. You will
recall that the attachment for transmitting input data is the paper tape
reader, and the attachment for receiving output data from the computer
is the paper tape punch.

132
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Do you recall another use for the tape punch besides receiving out-
put data from the computer? Of course! It is used "off-line" to prepare
the punched paper tape for later input to the computer.

Cathode ray tube terminals

Some terminals, instead of printing data as it is typed and trans-
mitted, display the data on a TV-like screen called a cathode ray tube
or CRT. Can you see advantages and disadvantages in using a visual
display on a screen rather than a typed copy? One advantage is that a
CRT can usually display information much faster than a typewriter can
type it, and even faster than you can read itwhich may be a disad-
vantage.

Another disadvantage in some cases is the lack of "hard copy," that
is, a printout to keep for future reference. A CRT is very quiet as com-
pared to a, typewriter, so is more useful in a busy office environment.
Look at the examples of CRT's in Fig. 3-27.

Card reader terminals

Just as data from paper tape can be transmitted to a computer
through a paper tape reader, so ,can some punched -(or marked) card
readers be used as remote terminals for reading and transmitting _data.
The cards are punched on a keypunch (or marked with a pencil), then
read in through the card reader, which is connected to a telephone line.
Fig. 3-28 shows two card reader terminals.

Use of a terminal which will read either punches or marks on a
card can simplify Many operations. For example, meter readers fore the
electric company might receive a deck of cards for all of their accounts,
each prepunched with the customer's name, address, and account num-
ber. When they read the meters, they simply mark the amount with a
pencil, on the same card. At the end of the day, these punched-and-
marked cards are read in to the computer at the electric company s
headquarters, and the customers' accouAts are updated for billing.

Likewise, the computer can transmit output to a card punch ter-
minal to be punched into cards. These punched cards may later -serve as
input to a computer. ;
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Fig. 3-27 Sample CRT's.
Hewlett-Packard 2615A
(top), IBM 3270 (middle),
Lear Siegler CRT terminal
(bottom)
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Fig. '3-28 Typical card reader terminals. Hewlett-
Packard 2893A card reader (left), IBM 3505 card reader
(right)

Fig. 3-29 Card punch terminal with Burroughs B 1700
system

1.42
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Fig. 3-30 A Hewlett-Packard line printer together
with a card reader used for input/output

Line -iinter terminals

Sometimes a remote terminal-may include a line printer to rapidly
print computer output an entire line at a time. If this is the only device
present, then the terminal is obviously limited to receiving output trans-
mitted from the computer. However, most such terminals include an
input device as wellperhaps a card reader or keyboard.

Complex terminals

Various input or outptit devices can be added to a terminal site
until it consists of several different -pieces of equipment. In a single
location there may be a teletypewriter with Paper tape punch and
reader, a punched-or-mwked card reader, a card punch, and a line ,

printer. For example, look at the arrangement of terminal equipment in
Fig. 3-31. How many different input/output modes. can you count in
this example? You should be able to identify four input modes (Tty
keyboard, CRT keyboard, tape reader, and punchcatmarked card
reader) and five output modes ( Tty keyboard, tape punch, card punch,
printer, and CRT display screen). Or another arrangement might in-
clude a CRT, a punched card reader, and a line printer, as in Fig. 3-32.

1
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Fig. 3-31 Arrangement of
input/output devices

Fig. 3-32 A CRT, punched
card reader, and !ine
printer

1
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Fig. 3-33 An array of input/output devices

There is virtually, no limit to the number of possible combinations
of input/output devices for terminals. Look at the array pictured in
Fig. 3-33.

When more than one. or two input /output devices are 'combined
in this way, it quickly becomes advisable to add a processing unit li;ith
a small amount of storage in order to control the various input and.out-
put operations. This might be diagrammed as shown in Fig. 3-34.

Does this look familiar? It should. Do you recall a type of terminal
we have discussed before, with a mini -CPU of its very own, plus a
varying number of input/output ( and even storage) devices? Look at
the pictures of this type.of terminal in Fig. 3-35. Can you recall what this
kind of remote_terMinal, with its own mini-processor, is called? ( Look
hack to pages 55 and 56 if you need a reminder.)
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. REMOTE TERMINAL
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Fig. 3-34 Illustration of remote terminal with proces-
sor connected to a centre' computer
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to

Fig. 3-35 Intelligent ter-
minal with storage device

"Remote terminals"terminals" don't have to be £keyboards or readers or
printers. There are dozens of "terminals" that do transmit data to a
central computer, but don't require a trained operator. ,

One Interesting example .is the automatic reader that helps keep
track of railroad freight cars. Have you ever noticed ( and wondered
about) a patch on the side of a freight oar, with many different colored
bands? These colored bands are put together in a coded combination to
identify a particular car. When the ear passes a certain point in a freight
yard, an Automatic Car Identification Scanner automatically reads the
colored bands and transmits the code to an output device or a central
computer, depending on the way the scanner information is to be used.

Another interesting example is the CRT equipped with a "light
pen" as the input device. A light pen is a pen-sized tube with an'elec-
tronic device in it and a light bulb at its tip. The user holds the light pen -
in his or her hand and points it at the screen. The location of the place
pointed to is transmitted to the computer. A frequent use of this type of
terminal is in Computer-assisted instruction, where the computer might,
for instance, display a word along with several pictures° and ask the
student to pick the picture that matches the word. The student points
the light pen at the correct answer, and this is transmitted to the com-
puter, which then flashes a complimentary message on the screen. (Or
the student points at the wrong answer, and the computer displays
some other message, or gives, a hint and lets the student try again.)

140
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Fig. 3-36 Raittqad.. cars marked with coded color-
bands for identification by Automatic Car Identification
Scanners
. .
Fig. :3-37 Students may
use light pens to indicate
answers' on a 'CRT screen.

t

e

Another hand-held electronic device for transmitting information
is an electronic "wand" which can read magnetically coded strip's.
Millie Fogarty, in Chapter One, saw such a device in use during her
shopping errands. The wand is used to read the information coded on
the tickets of purchases, such as price, color, stock number, and clerk's
department number. This is then transmitted to the store's central com-
puter. If the customer presents a credit card, the elect is wand reads x

the account number from a magnetically coded strip gr he card. This
information, too, goes immediately to the central computer for a credit
check. That night, all the day's data are transmitted from the store's

computer to a regional data center for pi:messing.
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An exciting development in input/output is voice input and voice
response. Once perfected, voice inpul/output will obviously be a su-
perior way of communicating with a computer. No data preparation is
necessary, and errors in entering data are rare. Output is speedy and
easily understood. In a restricted security area, persons entering the
area could speak into a terminal; which would transmit the speaker's
voice pattern to a cent', 1 computer to be compafed with a stored bank
of "authorized" voice patterns. Or a Credit card could have a voice
pattern prerecorded on it for identification and comparistin..

Analyzing and recognizing voice patterns is not difficult for a com-
puter, as each number and each special word has a distinct pattern
different-frogrother numbers and words. (As you might imagine, how -
eve; a Southern or British accent 'could confuse a computer pro-
grammed in Minnesota!) Also, each human voice has a unique recog-t
nizable pattern unlike any other human voice, just as fingerprints have
patterns unique to an individual.

Getting the computer to "talk back" is 'a different problem. The
computer needs access to a vocabulary bank of prerecorded spoken
words and numbers which it Can select from to put together replies. A
bank teller, for example, speaks into a special terminal to get informa-
tion about a customer's accountsay, account number 8106. The com-
puter lcf6ates the account and answers in an audible v.oice over a
loudspeaker or a telephone receiver. The spoken output message might
be "Account number eight one oh six balance to date three seven two
point five nine." ( Account numbd 8106, balance to date $372.59.)

1 4 9

Fig. 3-38 Electronic
wands can read from mag-
netically coded strips. 'I
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twHAr Mk:44ER DID
1 YOU DIA , LEASE?

THIS HAS BEEN A
COMPUTER TALKY,'. .

THANK YOU.

hvregcEPr

COMPUTER DECODES VOICE COMPUTER SE
AND LOCATES 3s1-oo79 APPROPRIATE
IN STORAGE WITH A PRE-RECORDED
"NUMBER CNAN6E" MESSAGE FRAM
NorAnav AND THE NEW TA/
NUMBER.

Fig. 3-39 Obtaining a changed telephone number
from a computer

Perhaps ou ha% e had the uncomfortable experience of dialing an
out-of-ser% ice number and ha% ing the call intercepted by a %oice asking

for the number ou dialed. When you.reneat the number, the %oice

replies that the 11,111116er is out of ser% ice, or has been changed, and ma;

e% en ghe on the new, correct number. on thank the %oice, %duel)

then informs %oil that you ba% e been talking ura computer!

Can you picture the sequence of events?
Canon think of other types of terminals 'ou ha% e seen or used:'

Perhaps ion ha e seen special "ticker tape" machines in a stockbroker's

office, which do nothing but output stock trmsactions and prices on a

narrbw tape, hour after hour. Or a remote "plotter" terminal which
draws pen and ink graphs or designs under computer control. There

seems to be op cod to the was of transmitting data from hunmns to
computers al back to humans.

Ways terminals are used

We talked earlier about "con% ersational," or interactive use of the

computer from a terminal. Do ) on recall the characteristics of inter-

acti% e use? Remember, as soon as a user enters some input, the com-
puter responds w ith output, then the user enters some more input, and
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so on. Who do you think would be most likely to use an interactive
system? Students, obviously, might write and store a program to do
math problems, or one that calculates data from a science laboratory.
They might use the computer to practice arithmetic skills, help them
learn a foreign language, or explore the ways a political system operates.

An engineer could use an interactive terminal to do calculations,
retrieve data, or try various formulas with various sets of data. Through
an interactive terminal, a company could handle its bookkeeping; bill-
ing, payroll, and inventory control. A researcher in a laboratory might
find an interactive terminal as vital a tool as any research instruments

*1 or equipment. /-

Earlier we talked about "batch processing," where the computer
center collects jobs to be run from several users, then enters all the jobs
in a single "batch" separated by control cards.

It is possible to do batch processing from a terminal, simply by
collecting several jobs before dialing up the computer, enteringalLthe
jobs at once, and, at a later time, receiving all the output at once. This
kind of batch processing dv- ne from a terminal is called "remote batch,"
for obvious reasons. Some komputer centers call it "quick-batch," if the
output is transmitted back to the terminal within a few minutes.

Wheylata are entered from a terminal it's usually done in remote
batch mode. Data are first collected at the site of the terminal until there
are enough'to transmit in a single batch. Then the operator uses the
terminal to enter all the data as a single batch. The terminal may be
connected directly to the distant computer ( called on -line transmis-
sion), or the data may be transmitted from the terminal to anioff-line
device, such as a magnetic tape unit, to be stored for processing by the
computer at a latex

In an automated version of remote batch data entry, the central
computer signals the terminal at a designated timewhen it is ready to
receive the data, say, midnightand the terminal automatically turns
on and begins to input data from previously prepared punched tape,
punched bards, or magnetic tape. In this way a data clerk at a branch
office can prepare a data tape at the end of each business day, place it
on the tape reader of the terminal, and then lea. e. During the night the
central computer at headquarters would follow a schedule to signal
the terminal in each branch office, receik e all the day's data, and process
it before the next business day started.

You may have heard of terminals being used for inquiry This is
the mode used by airlines and hotel chains for their resell. ation systems.

lSl
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Fig. 3-40 Many.people use terminals for many things.
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Fig. 3-41 Airlines make
extensive use of inquiry
mode, using CRT terminals.

The remote terminals are linked to central data storage files, and a clerk
in a hotel uses the terminal to question the data files to see if the hotel
has a vacancy available for a given date. Each new reservation or
cancellation updates the stored information to show that reservation
( and one lets vacancy).

In other instances, a terminal may be used for simple inquiry, or
information retrieval, without changing or updating the stored informa-
tion. An example of this would be in an insurance office, when the agent
inquires about the status and coverage op a customer's car insurance.
The information might be displayed on a screen, but the agent would
not change it in any way.

Some terminals are used exclusively for remote printing, with no
input device available. The teletypewriters iira newspaper's` news room,
constantly printing stories from UPI or AP news services, are remote
printing terminals. So are the stockbroker's ticker tape terminals.
Weather bureaus usually have a terminal that does nothing but print
weather forecasts and conditions from a central agency.

Other kinds of lines
for connecting terminals

So far, we have only mentioned telephone line;; as the means for
connecting a terminal to a computer. This is, indeed, the most popular
mode of transmission. However, a company may instill its own direct
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communication lines, permanently connected to the terminals for direct
service without having to dial a telephone. Microwave transmission
may also he used instead of telephone lines.

Check your understanding of terminals, now, before going on to
study the computer's central processing unit.

Check your understanding
1. Which of the following are types of keyboard terminals?

a. Adding machine
b. Teletypewriter
c: Telephone
d. Line printer
e. CRT

2. What is a cathode ray tube terminal?
,3. Which of the following is the most complex combination of

input/output devices possible for one remote terminal?

a. Line printer, card reader, CRT, and CPU
b. Teletype, line printer, card reader, CRT, and CPU
c. Paper tape reader, teletype line printer, card reader, CRT,

storage devices, and CPU
d. There is no practical limit to the number and combinations

of input/output devices at one terminal.
J

4. What is the terminal called which is composed of one or more
input devices, one or more output devices, and a processor of
its own?

5. What are some practical uses for a remote terminal?
6. Which mode (batch or interactive) is' uted by terminals at an

airlines reservation desk?
7. When data are collected for a period of time, then entered all

at once from a terminal, what is it called?
8. Describe some uses for terminals which have output capability

only.
9. Does your school have a remote terminal? If so, describe

which devices it includes.
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CENTRAL PROCESSING UNIT

2

The
computer

itself

Now that you are familiar with the input and output devices mostoften

used in computer systems, you can spend some time learning about the

heart of the system: the central processing unit ( or CPU ). It is here

that the input data is processed to result in niw output information. In

most computers, the CPU is housed in a single cabinet or console,
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Fig. 4-1 Central processing units vary in size and
capability.: Hewlett-Packard mini-computer (lOft) and
IBM 370 (right)

CPU

Secondary
Storage Fig. 4-2 The three parts

of the CPU: control unit,
arithmetic/logic unit, and
primary storage unit

sometimes called the "mainframe." Although the central processing
unit appears to be a single piece of equipment, it actually has three
distinct parts. One stores the programs and data for use in the run ( the
storage unit), one takes care of the actual processing or manipulating
of data (the arithmetic/logic unit), and one coordinates the flow of
data through the system (the control unit). We will look at each of
these parts separately now, starting with the primary storage unit.
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Primary storage unit

You have already seen that a computer system must have both a

program and data in it before it can process the data or produce
results. These are usually loaded into the computer through input de-
vices or from secondary,storage devices iuch as magnetic tape or disk
'List before the particular run is made. Normally, the program is loaded
in first and then e a a o.

Did you wonder where the program and data went once "load"---
in? Here's your answer. All input is loaded directly into the CPU's stor-
age unit, usually called "primary storage" ( or "core storage").

As you may have already guessed, the programs and data in main
storage are in that storage area only temporarily. If they weren't, the
computer operator would only need to load a given program once and
be done with the punched cards or magnetic medium from which it was
input. Any information in primary storage remains there .norrnally only
until the data have been processed and the results haVe been output.
Once a run is finished, new data and programs are loaded ,into the com-
puter and they replace the old program and data in primary storage.
(This is the reason programs and data files are kept in permanent form
on various media like magnetic tape, magnetic disk, and punched cards
for storage in the computer room.)

Programs and data are "stored" temporarily in main storage. You
can think of main storage as resembling a post office with a lot of
numbered boxes.

Fig. 4-3 Primary storage
with 20 empty boxes X Y X

X 7/ X X 107
/ e>

Y 1;2/ ,X X X
1 77

74 / X-
. .
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The numbers in the corners of the boxes indicate the location or
address of the box, and each box can store only one piece of data. Using
location numbers, you can see that a piece of data stored in any. box can
be "found" simply by calling on its location number.

If we continue to use the post office diagram, Fig. 4-4 shows how
primary storage might" look once it has been loaded with a program for
adding two numbers (which will be-input later, to boxes 6 and 7).

Now, let's assume the two numbers (the data) to be added for our
first run are 1143 and 921. They would be input after the program, and

stora e would then look like Fig. 4-5.
Once the data is processe ary--4or-age_woi kdlooLc like the

diagram in Fig. 4-6.
This example is, of course, a terribly simple one. It is just to give

you a clear idea of how data are stored in main storage and how they
can be found there for use when the processing must be done. Most
programs are much longer. Data for a run can be extremely long as, for
example, in the case of complete records from kindergarten on for all
students in a high school.

Once in primary storage, programs and data can be "accessed" ( or
round) at any time for use by the computerthat is, until new data
have been loaded to replace them in the same primary storage locations
for another, separate run. This indicates the temporary nature of pri-
mary storage. Once a run has been completed, the program and data

a I1 01

/READ
BOX
6"

7 ADD
BOX

7

STORE
TOTAL IN

BOX B

/ X

11/
7

y' 13 1."/ ,y

16 t/' 1E/ 7 7
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Fig. 4-4 Primary storage
with a program in it



Fig. 4-5 .Storage with pro-
grams and data

Fig. 4-6 Primary storage
after processing of data

PrREAD PrADD
BOX BOX

6 0 7

PrSTORE Fir Fr
TOTAL IN
°BOX 8

Frini11111-Fr
111111111111F

Fr Fir Fr Pr Fr

/READ
BOX

6

XADD
BOX

7

STORE
TOTAL IN

BOX 8
A

X
.

X
1143

7

./
921 2064

10

y ,y yf 14 X

/ y 18 X 20

for the next run are loaded into storage and replace (or erase) the data
hdld in those locations before.

Usually the "size of a' computer is determined by the number of

these "boxes" or storage locations in its primary storage. People usually
refer to a computer with 5 to 20,000 such storage locations as a mini-

computer, especially when comparing this capaoity with a computer
that has, say, half a million (500,000) primary storage locations.
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Arithmetic/logic unit

It is in the arithmetic/logic unit that the real "processing" of data
takes place. This unit performs calculations and makes decisidns, ac-
cording to a program stored in memory.

The logical operations that are performed here include comparing
information and making a decision based on the results of that compari-
son. A typical comparison might be

"Is the answer less than zero? (Compare the answer with zero.)
If so, stop the program. If not, go on to the next step."
The arithmetic operations of adding, subtracting, multiplying, and

dividing are also performed by this tinit. Any complex calculations can
always be reduced to a combination of these four operations, so that
even the most difficult ( for us) calculation is performed effortlessly
and automatically by the arithmetic/logic unit of the computer. In the

_- _example we showed above in the section on main storage, it is the
arithmetic/logic unit which registers the number 1143, adds to it the
number 921, and comes up with the total 2064, which is then sioiidin
main storage. Of course, the computer does all arithmeticlogic opera-
tions with binary digits. If you would like to know how, yob can find
out by studying the Appendix.

If primary storage just holds data at prescribed locations and the
arithmetic/logic unit performs operations, then how does anything
know when or how to go where for what processing? What keeps every-
thing from happening at once? The control unit!

Control unit
t

The control unit directs the flow of information through the com-
puter system. It controls the movement of information between input
output devices and primary storage, and directs the sequence in which .
operations will be carried out. Basically, it simply allows one step of
the program to be acted on at a time, one after the other. Using our
example from the previous section on primary storage again, it is the
control unit which would first indicate that box 1 should be acted on
that is, the number 1143 should be registered by the arithmetic unit.
After that, it allows box 2 to be acted on, and so forth, until the program
run is completed.

16.I
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You might think of this unit as acting like the conductor. df a
symphony orchestra who follows a musical, score (the stored program)
and cues the various instruments ( input, output, and storage devices)
when it's their turn to play. The conductoIr keeps the orchestra together
so that it plays harmoniously in the sequence prescribed by the musical
score. The output then is predictable and pleasing, as is the outptit from
an efficiently controlled computer program.

Before going on, check your knowledge of what you have read.

CheCk your understanding
1. Assume you have this three-step multiplication program:

Read the number in storage location 8
Multiply it by the number in location a
Store the product in location 10

If you were using this program to multiply 8 X 1110, where
would-the answer 8880 be stored in primary storage?

2. Are all programs and data stored permanently in the CPU's
primary storage? Why or why not?

3. The process of multiplying 8 X 1110 is performed by what part
of the' CPU?

4. Which part of the CPU is responsible for coordinating the se-
quence of operations inside the CPU?

....._
------_____\

flo

SECONDARY STORAGE DEVICES

You will remember that the information in primary storage is tem-
porary. That is, it remains in primary storage only long enough to be
processed and output. Then new data are input to primary storage, and
the old are erased. (This is very much like a home tape recorder- When
you record a new song, whatever was on the tape before.is automatically
erased.)

Frequently, however, we have a need to store a !large volume of
information, and to store Ivermanently. For example, the complete
pupil records from kindergarten, on for every student in a high school
would be too much inforthation to be stored permanently in primary

1
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storage. Even if a computer had a large enough primary storage unit; it
would still .need to be kept available for the temporary storage of pro-
grams and other data currently being processed.

Secondary storage devices solve this problem. They can be con-
nected to the CPU to provide information from large permanent storage
files. Since the control unit has to go outside the CPU to get data from
the secondary storage devices, the information is not as quickly accessi-
ble as information. in primary storage. The loss in speed, however, is
offset by the larger capacity and the lower Lost of secondary storage
as compared to primary storage.

Many of the input/output devices you halve studied about can be
used as secondary storage devices as well. Magnetic tape, disk, and
drum units are the nylst common. Even punched cards and paper tape
can be considered as "secondary storage" in that they permanently store
information outside the CPU.

There are other special secondary storage devices which can hold
much more information than tapes, disks, or drums. One new type of
computer storage device may replace all storage devices currently being
used to store more data, and retrieve them faster, more reliably, and at
less cost. This new device is "holographic" memory and is based On thy.
laser keamAt stores data in ".holograms" formed by laser beams on a
thermoplastic medium in the fOrm of miniscule lie, t' or dark areasthe
zeros and ones of the binary code of computers. TI is new type of mem-
ory can store as much information as the largest magnetic disk systems
available today, but store and retrieve it 1000 times faster.

Primary, secondary,
and on-line storage

You might think of the way data are stored in a computer system as
being similar to the way you store (or remember) data yourself. Some
data you store in your brain, available for immediate processing. /VI
example of data of this type would be your own phone numberand
perhaps the phone numbeis of several good friends. This kind -of im=
mediate-access storage in a computer is the primary storage unit in
the CPU.

Other telephone numberswhich are important to you, but you use
less frequently, you might store in a quickly-accessible place: But you
wouldn't store them in your memory. Instead, you might write them
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down in your pocket address book or On a piece of paper to keep in
your wallet, handy when you need it This kind of storage -would be
similar to on-line secondary storage in a compUterthat is, magnetic

e-
tapes or disks or some other m4dium that is on-line (directly con-
nected) to the CPU, so that the PU can quick13, locate information in

secondary storagewhen it is needed.
Finally, there are thousands:of telephone'numbers you use rarely,

if at all. It would be cumbers° or impossible t:1) carry these numbers

aroun inin ur pocket. So they are stored in a place you

ca., get to if you need ifin the telephone book on the shelf. This is
sidnilar to off-line secondary storage, such as punChed cards stored in a.

/drawer, or magnetic tapes or disks stored on a shelf or rack. The data

/ are accessible, if needed, but are not directly connected to a computer./ It is important to note that off-line storage can become on-line storage.

.,;# If a reel of magnetic tape stored off-line on a rack is placed on a mag-
netic tape drive connected to the vomputer, it is now on-line storage.

Check your- understanding

1. Name five secondary storage devices.
2; If your brain is your primary storage unit, written notes are

your secondary storage unit, and library books are your off-

line storage, which type of storage unit do yqu use to store
your home address in?

3. In which type of storage Unit do you store the number, of

people in your home town?
4. Which type of unit stores the dates of the Civil War?

5. In your school district's comptiter center, which kind of stor-
age do you suppose stores yotir grades since you were in first

grade?

COMPUTER- CONSOLE

`%,

One of the major values 01 a computer is that, once started working on

a job, it can basically proeee-d to the end without human intervention.
A stored program provides the machine 'with the instructions it needs
to obtain information, process it, and output new information.
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Fig. 4-7 A Digital PDP-12
computer console with con-
trol panel and console
typewritPr

In practice, of course, the operator must communicate with the
computer in order to get the computer re-ad> for running a program.
Occasionally,. the operator must intervene during the data processing.

As you have seen, there is a wide variety of input-output devices
available for exchanging inforination between a computer and its
human directors. All of these devices allow an indirect kind of com-
munication. The only direct communication with the computer is via
the computer console, found on the CPU.

Each computer console model has its own special features, but
the typical console contains two devices for manual communication
with the computer. These two devices are the console typewriter and
the control panel.
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Console typewriter

The console typewriter looks like an ordinary typewriter, with a
standard keyboard and paper output. This typewriter can be used both
for output from the computer and input to it.

At the direction of the program being run, the computer can
type out messages tQ the operator on the console typewriter:

"MOUNT TAPE REEL #4"
or "PLEASE TYPE TODAY'S DATE"
or "WHAT SIZE LABELS?"
or "HOW MANY` COPIES ARE NEEDED?"

The operator can answer these queries from the computer by typing
on the keyboard. When a key is pressed, the corresponding number,
letter, or symbol is typed on the typewriter paper and is simultaneously
transmitted into the computer in electronic code.

The console typewriter could actually be used by the operator to
input qny kind of material into the computerdata, programs, or the
operating instructions called job control statements. But, can you see
why it usually isn't used for these things? First, when data or programs
have once been encoded into cards, tapes, or other media, they can
be kept 'indefinitely. When ,they are needed. for use, the medium can
be mounted and loaded into the computer in a matter of minutes
even seconds! If you input a program or data file from a console type-
writer, it could take a great deal of time. Not only that, but you would
have to retype it On the keyboard every time you wanted to use it.
Second, the instructions given to the computer in the form of job
control statements are usually basic directions needed by the computer
to properly run the program involved. Since one set of job control
statements is always needed for the running of each program, it is

more convenient to have the set of statements on cards or paper tape
for' instantaneous input than to have them typed on the console type-
writer each time the program is to be run.

Generally speaking, the Console typewriter is the computer opera-
tor's main means of communicating with the computer to control its
operation. The main input is therefore instructions for control purposes.

Commonly, the operator uses the console typewriter initially to
instruct the computer to get ready for a specific run and then to activate
the input devices to "read in" appropriate programs and data. Further,
during the processing of data when the program calls for responses
from the operator such as in the examples above, the computer operator
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types in the answer on the console typewriter. Sometimes instructions
must be input by the operator in mid-run. These are always clearly
noted on the instruction sheet given to the operator by the programmer,
and the information is input from the console typewriter. Finally, the
operator uses the console typewriter to instruct the computer to end a
job either when a problem has arisen or when the job is done. The con-
sole typewriter can also be used to directly examine and to alter the
contents of any storage location. The procedure involves simply-typing
in-a request thatithe data in a specific location be typed out by the
computer and then typing in any alterations to be stored.

Each computer has an operator's manual or directions booklet
which outlines the procedures the operator must use in controlling
routine runs from the console typewriter.

Control panel I

The control panel is like a window into the computer. It has sets
of small incandescent lights which display the contents of certain in-
ternal registers. It also has a means for manually displaying, examining,
and altering the contents of storage.

While the computer is running a program, the lights change too
rapidly for the contents to be read. Whenever the computer stops be-
cause of a problem, though, the light display showing the register con-
tents is often a valuable aid in determining what has happened.

The control panel is occasionally used for detecting program mis-
takesa process usually called "debugging." An operator can set
switches on the control panel to stop operations in order to read the
content of a storage location, observe a program instruction, or examine
the registers of the arithmetic unit after each instruction. This kind of
debugging by step-by-step operation and observation of the program
is, however, usually ruled cut as inefficient in a large computer system.

The computer operator also uses the control panel to monitor the
general operation of the system. Indicator lights on the control panel
show the operation or condition of important parts of the CPU and
in such equipment as the card reader, magnetic tape units, and the
printer. For example, there may be a temperature warning light, over-
flow lights, error indicators, and lights to signal some off-normal condi-
tion, such as the printer being out of paper.

1c7



Fig., 4-8 Control panels
with characteristic rows of
indicator lights and control
bUttons. Control panel on a
Data General Nova 1210
(top), control panel on an
IBM 370 (bottom)

. .
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Probably the one switch always found on a control panel is the
START key. When the START key is depressed, it causes the computer
to start running a program or to continue after an operator intervention.

Li.
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Between the console typewriter and the control panel, a computer
opeliator can stay in very close communication and control of the corn-,
puter he or she is responsible for. .

Check yckijr understanding
1. Primary storage in6the CPU differs from secondary storage by

a. being less permanent.
b. having less space available:
c. being more immediately accessible to the computer.
d. all of the above.

2. What happens to old information in a primary storage location
when new information is placed in it?

3. The part of the CPU which acts as the monitor of the system's
operation is

a. the control panel.
b. the logic unit.
c. the "mainframe."
d. the contle typewriter.

4. The arithmetic/logic unit

a. keeps track of all data in storage.
b. can perform basic arithmetic operations.
c. controls the movement of all data to and from main storage.
d. All of the above.

5. The console typewriter is ..

a. often substituted for a control panel. ,
b. used as a general input device.
c. part of auxiliary storage.
d. the operator's main device for comm nication with the

computer.

INTRODUCTION TO SOFTWARE

Computer hardware is the most visible part of a computer system, but
it is not the most important. Even more important than the hardware
is the software.
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Software is the word used to refer to all of the programs that make
the computer fUnction. Without software, a computer is liked camera
without filmall the button-pushing and switch-flipping oft earth won't
produce anything.

Early computers used very simple programs. A computer pro-
grammer would write a set of instructions in a numeric code telling
the computer how to sofVe,a problem or process some data. Then the
computer operator would take over. First, he or she would load the
program from punched cards or some other medium into the computer:
Then, the operator would put the data in an input deviceusually
a card readerand start the program run. During the run the operator
might have to interrupt the operation of the computer several times
to provide more data, to mount new magnetic tapes for output, to
prepare the printer for output, to check the output for accuracy, and
even, perhaps, to make manual charges in the program itself by
operating the control panel switches.

When one job ( or program run) was completed, the operator
would stop the computer, retrieve the data cards used, gather up all
the output, And" prepare for the next job. Meanwhile, the computer
waited. Then the process would begin again. Load a program, provide
data for input, control and keep track of the input and output, and
manually monitor the operation of the computer during the program
run.

As you can see, early computers were inactive a lot of time both
during and between program runs while waiting for the computer
operator to performs tasks.

Today's computers are far closer to being true "labor-saving" de-
vices. Sophisticated developments in hardware have been matched by
an increase in sophistication of the computer's software. .Nowadays
many of the taks -of the computer operator have been taken over by
software, so that jobs can be, run more quickly and efficiently and
automatically, with less waiting time for the computer, and less inter-
vention by the computer operator.

Just as developments in software have increased efficiency of com-
puter use and lightened the computer operator's load, so have software
developments made the job of the programrrier easier.

It used to be necessary *t programs be written in the specific
numeric code that the given computer used. Now, though the computer
still works with numeric code, 'programmers write instructions in ordi-
nary English words. New software can now translate these instructions
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into the required numeric code, saving much time and trouble for the
programmer:

When the decision is made to acquire a computer system, it is as
important to select a system with good software as it is to select good
hardware. A computer without proper software will add considerably
to the cost of operating the installation. Softwail with low efficiency

_ _ may_increase_computer_ nmning timeiby_apercent _or_ _more.
The manufacturer.usually supplies a complete "software pack-

age." It will include special programs to make the computer operate
most efficiently, programs to do standard, 'often-used routines, and
translators which will convert new programs into the machine's
numeric code. This software package is ordinarily called the operating
system) The programs in it are usually stored on an auxiliary storage
device such as a disk or drum.

Computer software includes other categories of programs in addi-

OPERATING
SYSTEM

(supplied by
manufacturer)

OTHER PROGRAMS
(supplied by user)

Fig. 4-9 The computer
software

Fig. 4-10 Operating sys-
tem stored on an auxiliary
storage device
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tion to the operating system. These programs outside the operating
system are usually designed by users to perform specific jobs to meet
their particular needs; theretare, no general summary could hope to
discuss them all. However., Fig. 4-9 is a more detailed examination of

the operating system, which in one variation or another is found in
. ,

every software system.

ti
The operating system

An operating system is aritorganized collection of programs which
increases the prdductivity of a computer by aiding in the preparation,
translation, loading, and execution of programs. Intervention by the
computer operator is reduced when an operating system 'is available.
This usually means that'an operator can use the time during one run
to set up the equipment for the next run. Often, several jobs can be run
in an uninterrupted sequence, tinder the control df the operating sys-

tem.
The programs most likely to be found in an operating system will

be discussed here. However, the programs available may vary from
one operating system to another. Certain programs may be called by
other names than those used here. This chapter should be a starting
point. When you have an opportunity to operate a real computer sys-

Item, you should carefully read the manuals that come with the sys-
tem. These manuals usually give complete descriptions of the software

included.
The types of programs most often available in an operating system

include the following:

A supervisor ( often called monitor or executive)

Input/output control
Utility programs
Translators

Now let's look at these programs one at a time to see just how they

--- increase efficiency and ease of operation for not only the computer, but
the programmer and/operator as well.

The Supervisor. The supervisor program or routine is the most
important and complex of all programs in the operating system, because

it sets up, monitors, and controls the operation of other programs. While

most software is placed in auxiliary storage (disk or drum) until
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needed, the supervisor routine is loaded into the computer each morn-
ing. It usually remains in main storage throughout the day's operation.
It organizes and supervises the running of all other programs in the
operating system.

A basic supervisor routine controls the execution of one program
'by'clearing the storage area (placing zeroes or tlanks in work areas),
then loading the program into storage.

Once the progrthi is running, other programs in the operating
system take care of the flow of operation. When errors are encountered
during processingfor example, when a program exceeds the storage
capacitycontrol is once, again transferred to the supervisor routine
which takes Corrective action or halts execution.

An important part of the supervisor routine is the "job control"
program. This piogram handles a series of programs sequentially with a
minimum of operator intervention. To do this, the computer requires
initial instructions. The programmer usually has these instructions
punched on cards and gives them to the computer operator for the riktl.
These cards are called the job control cards. The instructions on the job
control cards may gig c the sequence of steps to be performed and ma,
indicate what programs in the operating system are to be used.

The supervisor routine starts and stops the programs and per-
C forms many functions normally otherwise clone by the operator, but

it does them faster and more accurately. Where operator inter\ ention is
required, the supers isor will print out operator instructions on the con-
sole typewriter.

In some more complex, modern computer systems, the central
processor is a multiprocessor. That is, it has more than one arithmetic-
logical unit. This means that several programs can be run at the same
time. Of course, the supervisor routine and its job control programs
must be eN, en more sophisticated to schedule and monitor the execution
of more-than one program at once.

In other systems, a technique called multiprogramming is used,
where there is only one arithmetic-logic unit, but several programs
are in the computer at one time. The supervisor routine divides the
computing time among the different programs, transferring control
from one to another to process them all at the same time. This tech-
nique is called time-sharing. Again, a sophisticated supervisor routine
is 'required to schedule and control the concurrent execution of the
programs.
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As an example of multiprogramming, a program' to read and print
cards may be run concurrently with a program to sort records on
magnetic tapes. The supervisor routine initiates the instruction to "read

zut ard" for the first program, then it may transfer control to the sort
ptogram. When a signal indicates the card has been read, the second

program would be interrupted and control returned to the read-print
program for moviag the data into position for printing. Since the
read-print program can proceed no faster than the reader and printer
can operat2, the CPU would be idle much of the time if the supervisor
routine did not use this idle time to run another program.

Input /Output Control Programs. The control of input and output
(I /O) operations requires a separate set of programs because these
are mechanical functions performed by mechanical devices. If the
speedy electronic central processor had to stop and wait during each

I/O operation, its efficiency would be greatly reduced.
If data were read directly into the CPU, or diiectly out, the fast

CPU would be tied up as the slow mechanical reader or printer op-
erated. However, most computers now use electronic buffers to cut
down this delay. When data are read from an input device, they go into
an input buffer. They are held there until the CPU is ready for them.
Then they are transferred from the buffer to the CPU to the output
buffer and output when the output device is ready. - s''

The scheduling and overlapping of these buffered I/O opeNtions
is complicated and must be controlled by the input/output control

programs. These control programs also handle such operations as
detecting I/0 errors, switching ic an alternate tape drive at the end

of a reel, and searching for the proper items to be input from is reel of

tape, a disk, or a drum. .

Utility programs. Utility programs support the production work

of a computer center by servicing jobs which recur frequently. While
the specific utility programs available will differ from one system to

another, a fairly complete set would include the following:

A program loader ,
Programs to transfer data from one medium to another (card
to tape, tape to card, card to disk, disk to card, tape to printer,
disk to printer-, etc. )

1
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"Diagnostics" or test routines to help identify and correct
machine failures or program errors
Special programs to protect permanent files, sort and merge
data, duplicate tapes or disks onto new tapes or disks, and
perform "memory dumps" (output the entire Contents of main
storage on the printer)

The program loader is used to enter new programs into storage.
Even the programs in the operating system must be initially introduced
into storage by the loader. A program is stored in memory in the 'same
way as data. It is read in, probably from punched cards or tape. The
loader supervises the reading -in, allocates storage locations for' each
program instruction, and finally transfers control to the first instrnction
of the program just loaded, so the program can be executed.

Transferring of data from one medium to another is often, neces-
sary. It must be controlled by special programs such as card-to4ape or
tape-to-printer routines. Likewise, there are special programs 'f4 dupli-
cating tapes or disks onto new tapes or disks.

Diagnostics or test routines may function automatically 6 check
for machine or program error during operation of programs. They may
also be called into action when there appears to be a malfunction in a
program. If a programmer wishes to use a test routine designe'd to help
locate program error, she ,or he would probably call for a,"tiace" or a
"dump." A trace routine will print the results as each step of the pro-
gram is executed, to allow the programmer to closely observe the op-
eration of the program. A dump routine, often called a memory dump

N MAIN STORAGE

Fig. 4-11 Program loader
in main storage



or m print, will print the contents of each storage location at any
specie checkpoint in a program. he programmer can also specify
the daries of.the storage area s e or he wishes to examine.

ecial programs take care of 'frequently performed opefations,
such , s copying all files from tapelor disk at intervals as a protection/
again accidental erasure or loss of important data. Another fret
quen used utility program found in most systems is a sort-merge
routi . It should-be able to 'sort either numeric or alphanumeric
recor s into ascending or descending order, merge one set of records
with nother set of records, add and delete data, and provide for input
and output on 'various media.

Translators. In the early days of computers, programmers wr9te
instructions entirely in a numeric code directly understandable by the
computer. This meant that the programmer had to translate each M-

struction to a corresponding numeric code.
For example, if a .programmer wished to write the program in-

struction
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"SUBTRACT TOTAL DEDUCTIONS FROM GROSS, PAY"

he or she would first translate it to a code that might look like this:

07 326 145
where:

07 = "SUBTRACT"
326 = The address of the location where

"TOTAL DEDUCTIONS" is stored
145 = The address of the location where

"GROSS PM." is stored

As you can see, the job of ?the programmer could be quite time-con-

suming, tedious, and error-prone. . .

But computers were invented to save work for `humans, not to
create more! It wasn't long before some programmer with writer's
cramp realized that a sophistiCated translator program could auto-
matically translate an instruction like

"SUBTRACT TOTAL DEDUCTIONS FROM GROSS PAY"

to the numeric code
"07 326 145"

Much faster and more accurately than the programmer could translate
it himself.
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Since computers are 'designed especially to manip date symbols
(like letters and numbers), translating words. into nu eric codes is
much easier for the computer than it is for humans. A though ccim-
puteri still operate exclusively in numeric codes, seldoi does a pro-
grammer have to actually use them now. Over the ars, several
different kinds of translators have been developed to ease the task of
the programmer.

The most simple kind of translator is called an assembler. It re-
; quires more of the translating effort to be done by the programmer and

less by the computer. Most operating systems include ai least one
assembler.

The type of translator used most often by programmer; is the
compiler. Compilers allow the programmer to write instructions in a
language much like conversational English. The translating to numeric
code is almost completely carried out by the computer.

For example, the programmer can^write a single instruction like:

"GROSS PAY '(SOCIAL SECURITY + OTHER DEDUCTIONS)
= NET PAY"

and the compiler will "compile' or translate this single instruction to a
series of several numeric codes, such as the following:

06 325 324
15 326 000
07 326 145
15 327 000

One common compiler is used primarily to translate programs
used in business. It is called COBOL: COmmon Business Oriented
Language. Another widely used compiler is called FORTRAN, for
FORmula TRANslator. FORTRAN was designed to translate scientific
programs to numeric code.

BASIC (Begihner's All-Purpose Symbolic Instruction Code) is a
compiler used primarily with remote terminals, where the user carries
on an interactive "conversation" with the computer. Any or all of thee
compilers, and perhaps other compilers as well, may be found in the
operating system supplied by the computer manufacturer.

Some operating systems include special-purpose translators that
cannot be called either assemblers or compilers. They may be called
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report program generators or interpreters, but they still serve as trans-
lators of our language to the machine's numeric code.

Now see how well you understand the basks of the computer's
software by answering the following questions.

Check your understanding
1. The software of a computer is

a. the electrical circuitry of a system.
b, the documentation of a system.
c. the computer programs.
d. the data cards, tapes: etc.

2. A translator is

a. a programmer specializing in program languages.
b. a program used to control input and output.
c. a program which converts programs from words to numeric

codes.
d. none of the above.

3. Assemblers and compilers are both

a. input devices.
.b. programmers.
c. utility programs.
d. translators.
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Computer
programming:

techniques
and tools

INTRODUCTION

Applications computer programmers ha\ e one of the most detailed jobs

in the comptiler center. The must flowchart programs and code them

in a specific language. They must test and debug their programs. Then,

finally, applications computer programmers must document their pro-

grams for use by the computer center.
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174 Computer programming: techniques and tools

Programmers have several techniques by which they can plan,
code, and then test a program. They also have basi tools in the pro-
gramming process which make efficient use of computer time and
storage. This chapter will gi% e you some understanding of the tools and
techniques used by computer programmers to implement a computer
program.

FLOWCHARTING

Obviously, the best way to solve a problem, particularly a complex one,
is to break it down into steps and to arrange the steps in an ordered
sequence

Some computer problems may be simple enough that all the steps
are quite clear. In more complex problems, the sequence may be harder
to see. To deal with more complex problems, a technique has been de-
veloped called flowcharting. It invoh es the use of symbols which chart
each step in solving a problem. Specifically, a flowchart can show step-
by-step what the computer must do to solve a computer problem.

The structure of a flowchart

It is important to know that a flowchart almost always has a be-
ginning, a middle, and an end. The flowchart help.. rogrammer to
see the solution to a computer problem graphically by show ing exactly
what information must go into the computer in the problem, what the
computer must do to process the information, and what the end result
will he

In solving a computer problem, a programmer deals primarily with
three elements. They are the beginning ( information needed to sole
the problem, called input),. the middle ( or process, and the end result
( called output ). If you were to flowchart the three basic elements in
a computer problem, they might be drawn as shown in Fig. 5-1.

As you can see, flow lines are drawn from one flowchart symbol to
another. They show the sequence and direction of events. Although
these symbols are drawn vertically, flowcharts may indicate the same
steps if they are drawn horizontally, or across the page.

1 Pi
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Fig. 5t Flowchart of the
three basic elements in a
computer problem

Fig. 5-2 Input/output sym-
bol

Flowcharting symbols

175

Different flowcharting symbols are used to show particular actions
to be taken by the computer. You can see below how each-symbol
describes each computer task. First, if the computer is to input or out-
put data, the action is shown by an input/output symbol.

If a decision about data must be made, the flowchart will contain
a decision box with lines for at least two results of the decision, called
"altrnn fives"

The "No" branch coming out of the decision symbol in Fig. 5-3
le.a.s into a small circle which is called a "connector" symbol. Some-
times flowcharts get so complex that flow lines cross each other and
make the logic.d_bard to collow; or the flowchart may be so long as to
extend ov' several pages. Using the connector, a programmer can
eliminate confusing lines, and also indicate where the flow reconnects
to the chart on other pages.

Any actions to be taken upon data brought into the program are
shown by a process box. These may include actions such as moving data

I
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Fig. 5-3 Decision symbol
and connector symbol

Fig. 5-4 Process symbol

Fig. 5-5 Terminal symbol
(start or stop)

around in storage or performing an arithmetic operation. The process
box looks like that shown in Fig. 5-4.

An instruction to start a program or to stop a program at the end
of processing is illustrated in a flowchart by a terminal symbol, as in
Fig. 5-5.

Refining the flowchart

When making more detailed flowcharts of computer solutions to
actual problems, programmers often use input:output symbols which
mpresent a specific kind of input or output device. As you can see from
Fig. 5-6, there is an input or output symbol for each major device on the
computer.

By using these symbols, a programmer can show graphically
exactly what form the input to the computer will take. The programmer
can also show in what form the results will be produced.

Actually, when computer programmers flowchart a problem, they
describe their :uptit or output in even more detail than you have seen so
far. As you know, input can be read into the computer and output can
be written. A programmer, in refining the steps of the problem into a
more detailed flowchart, may actually name the input and output, using

1R3



Manual Input

Magnetic Disk
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Punched Card

Magnetic brum

Paper Tap

Fig. 5-6 Specific input/output symbols

i

Fig. 5-7 Flowchart sym-
bols

Document or
Printed Report

Read payroll card

e
Magnetic Tape

Display

Comment or note
about the process

specific flowcharting symbols to describe them. The illustration in Fig.
5-7 shows you how a flowchart can descrilp data in detail.

Figure 5-7 shows an additional way in which a programmer can
describe what is happening in a flowchart. The three-sided box joined

to the flowchart with a broken line is called a comment symbol. De-
scriptive comments or explanatory notes can be added at any point in
the flowchart by using this symbol. The broken line may be connected
to any other symbol wherever it is appropriate.

1 R s
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DECISION

41121SXUBIBM*ft..
OFFLINE
STORAGE
FILE

MAG-
NETIC
TAPE
SORTING
COLLATING

PERFORATED TAPE

T ANS
MITA L
TAPS

ONLINE KEYBOARD

DISPLAY

Fig. 5-8 A flowcharting template

ofRead student

name. a
grade code,

CLERICAL
OPERATION

Fig. 5-9 A complete flow-
chart

You are probably wondering how the symbols for flowcharts are
made. The answer is that programmers use a special tool called a kin-
plate which is a plastic plate with the s> mbols. shapes cut out of it. You
can see an illustration of a programmer's template in Fig. 5-8.

You proba lv noticed there are symbols on the template you ha% e
not yet seen. Tl symbols which ha% e been described so far, however,
are realh the o ies on need to know to soh e problems in this section.
Later, if pur4ic,,Divr stud} of programming, you N% ill find more and
more forall the flowcharting symbols.

IN' look at the example in Fig. 5-9 of a flowchart which uses
severa' h' the symbols you have been studying.

178
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As you can see, this flowchart illustrates the simple process of
reading data from punched cards and printing student names and

addresses. Did you notice that only certain ,students' names and ad-
dresses are to be printed? ( Only the names of students with grade code

"10" are to be printed.) An dap with a grade code other than "10" will

be ignored. Notice that after &dell card is read (whether its grade code

is equal to "10"4or not), ad flow lines in the flowchart return to the
"read card" symbol. This indicates that the processing 4611 continue

until all the cards have been read. You can see how easy it can be to
diagram the solution to a problem using the flowcharting technique.

Before you go on to learn to program, check your understanding
of flowcharting by answering the following questions.

Check your understanding

1. Flowcharting is a technique programmers use to

a. solve only complex computer problems.
b. arrange steps of a problem in an ordered sequence.
c. choose one alternative over another.
d. solve only easy computer problems.

2. Identify the fillowing symbols by using the list of names at the

left.

1. Terminal
2. ,Process box
3. Decision bo
4. Input/output
5. Connector

JR6
CD



180 Computer programming: techniques and tools

4. Copy the flowchart Oelow". Fill in on your copy the three ele-
ments present in any flowchart of a computer problem.

4. In a detailed flowchart, input and output are tsually shown

a. by using an input/output symbol.
b. by using specific input or output symbols.
c. by showing the beginning, middle, and end of the problem.
d. none of the above.

5. See if you can iric.ntify each specific input or output symbol
shown below. Uses ,.'e list of names you see at the left.

1. Magnetic disk
or drum

2. Paper tape
3. Punched card
4. Magnetic tape
5. Printed report

,

[ -------

E:1



4- 181

PROGRAMMING LANGUAGES

You know that a program is a set of instructions which tells a computer
what to do. Once a progyam is stored in the computer's memory, it can
act upon data to produce a result. In recent years, programming lan-
guages have become so highly developed that there may be one avail-
able for almost any kind of computer problem. Programming languages

range from the more specific machine-oriented languages to those
which can be coded by someone with very little knowledge of any
specific computer. N

!

Machine language

The set of symbols which the computer itself can understand is
called machine language. Because comp Liter hardware is designed to
accept binary symbols, most machine language is really a binary code
( a code using only numbers 1 and 0). The instruction you see illustrated
below shows how a typical machine language instruction might look

inside the computer. ,,,

0001 0110 0001 0010 0111 1001

However, the computer programmer would simplify the job by
writing this code in "shorthand"a numeric codeas

16 12 79

This long and involved instruction may be telling the computer
simply to store a piece of data in a location in the computer's memory or
to read the next piece of data. Computer experts learned quickly that
machine language would be impractical for complex computer prob-
lems since most programs are made up of many instructions. If every
program ....crc ..--"fen in 11"MAriP rnde, you can see that the program -
met's job could become quite tedious.

Assembly language

In an effort to make the programming task easie computer ex-
perts decided instructions could be written using readable symbols to
represent the particular operations of the computer. These symbols,

1.8
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182 Computer programming: techniques and tools

called mnemonic codes or operation codes, were grouped wi an
"address" to make a complete instruction. The language of op ation
codes and addresses is called assembly language. Look at the illustra-
tion of assembly language instructions below.

Operation Codes Address

ADD 1202

SUB, 1209
DVH 2700

Can you see that assembly language is more compact for coding
many instructions than machine language? Once an assembly language
program is coded by the programmer, it can be translated into machine
language by the computer.

Procedure-oriented language

As computers became more complex, programmers saw the need
for more usable languages. Larger and larger programs were being
written, and many kinds of programthing routines ( for example, the
calculation of the square root of a number) were being written over and
over by different programmers. Programmers as a group began to see
that they could share their efforts. They also thought a natural short-
hand version of their own language %%mild make programming lan-
guages more uniersal.

Eventually,' machine language and assembly language were re-
placed,, as programming languages, by higher level languages called
"procedure-oriented languages." aidoingbecame higher-level because,
as languages became more like the programmer's own language, the
computer had to do more to translate them. For.example, rather than
programming in numeric code or assembly operation codes, the pro-
grammer could use high-level instructions like "MULTIPLY LOAN
BY .10 GIVING INTEREST" or "PRINT A + B."

Unlike assembly code, where one instruction is translated into one
machine code, these procedure-oriented languages tend to group se%
eral separate operations into one instruction or "procedure." For ex-
ample, the single instruction "A = B = C )" may be translated into
four or five separate machine language instructions.

ti
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There are several ad. antage's to using a high-level programming
Janguage. Being "shorthand" versions of our own language, they are
easier to learn. More'attention can be put to the logic of solving a prob-
lem rather than to learning a complex code. As you saw in the previous
examp16, procedure-oriented languages are easier to use than machine
code or assembly language. Some languages actually use complete sen-
tences in describing an operation.

A problem written in a high-level language is also easier to correct
or "debug." There are fewer .instructions in high-level language coding
than in machine or -assembly languagd, making a program physically
shorter. Because high-let el languages are easier to read, errors in logic
occur less frequently and can be located more readily.

Another advantage to programming in high-level ladguages is that
it is easier to keep programs up to date if they are written in high - level
language. In assembly language, when one instruction is changed, other
instructions in the program may be affected. In such cases, the pro -'
grammer must be careful to alter everything which might be affected
by one instruction change. With programs in high-le. el languages, the
programmer needs only to make the initial changes in instructions. Any
instructieps affected by that initial change will automatically be cor-
rected by the compiler program ( a part of the computer software).

There are many different procedure-oriented languages deqgned
to soh e different kinds of problems.in the next section, you will get a
pre. iew of three of the most commonly used procedure-oriented lan-

guages=' -COBOL, FORTRAN, and BASIC.

Commonly used
high-level languages

Three of the..hi*-level languages most commonly used by pro-
grammers are COBOL, FORTRAN, and BASIC, each of which has its
own special use. Let's look at them one at a time so that you can get ail
idea of how each is used and how they differ from each other. Later in
this manual ou will deli e more deeply into one of these languages,
BASIC, but for now you need only to gain a general idea of what the
languages look like and what they can do.

In 1959, representatives from several computer companies met to
discuss the need for a computer language especially oriented toward

190



OPEN STUDENT -DATA.
MOVE SPACES TO PRINT -LINE

R EAD ROU TINE.
READ STUDENT -DATA, AT END, GO TO END-ROUTINE.
IF GPA < 3.5 GO TO READ-ROUTINE.
MOVE LAST-NAME TO PRINT-LAST-NAME.
MOVE FIRST-NAME TO PRINT - FIRST -NAME.
MOVE GPA TO PRINT-GPA.
WRITE PRINT-LINE ADVANCING-LINE.
GO TO READ-ROUTINE.

END-ROUTINE.
CLOSE STUDENT -DATA.
STOP RUN. Fig. 5-10 Sample COBOL

program

business .problems. The language which resulted was called COBOL
COmmon Business Oriented Language.

Although the COBOL language actually can be lengthy in its -
description of an operation, it also is easily used by people who have no,
knowledge of machine language. COBOL is the most "English-like" of:
the procedure-oriented languages.

Fig. 5-10 is an example of a COBOL program which was written
to print all the names of students who received a grade point average of
3.5 or higher for the current term. Try reading it to see if you could have
figured out what tiv program is about just from the COBOL language
itself.

Reading the COBOL program above, can you see where student
data are read into the computer and where the decision about CPA's is
made? ( Lines 4 and 5 of the program are involved in these steps.)
When the end of data is recognized by the computer, processing stops.
Did you see that lines 6 through 10 tell the computer how to proceed
once a decision is made? COBOL is, indeed, a very English-like lan-
guage, isn't it?

FORTRAN, meaning F011mula TRANslation, was developed by
IBM for scientific problem-solving. FORTRAN is capable of expressing
a problem in numeric formulas or 'algebraic expressions. It has the
capacity to deal with large formulas and many variable expressions.

FORTRAN, like COBOL, is called a procedure-oriented language
because it tends to group separate operations into one instruction or
procedure. FORTRAN also makes use of groups of statements called
subroutines which can be referred to many times at any point in the
program where they are needed.

you read over the sample FORTRAN program in Fig. 5- 11,,'ou
will see that although the coding is more compact than COBOL, it is,
indeed, a more mathematical language.

184
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Could you tell that the program in Fig. 5 -11 gives theinstructions
for. summing the integers from Ito 400? Look at the instrduction in line :3:

DO 39 ANT = 1,200. This is where the program tells the computer
what integers-are to be processed in the program (integers 1 through
200) and what instructions in the program to use ( instruction 39

Instruction 39 simply tells the computer what formula to use to sum the
integers. This instruction is a very simple example of a procedure.

The simplest language of all to learn is BASIC (Beginners All-

purpose Symbolic Instruction Code). Developers of programming lan-
guages wanted a stepping-stone to learning more complex languages
such as FORTRAN, and they created BASIC for this purpose.

BASIC is very often used in schools to teach the fundamentals of
programming techniques. Not only is it fairly easy to learn, Ina it can
be used to program-the solutions to mathematical and general problems
alike. Read through the BASIC program in Fig. 5-12 to see if you can
tell what kind of problem is solves.

You can see quite easily that this program tells the computer to
print the student award list consisting of three names given as data.
Notice that each line is separately numbered (100, 110, etc.) and that
brief English command-words. are usedPRINT, READ. DATA, CO

Fig. 5-11 Sample FOR-
TRAN program

Fig. 5-12 Sample BASIC
program

SUMMING INTEGERS
TOTAL = 0
DO 39 NINT = 1,200

39 TOTAL = TOTAL NINT
WRITE TOTAL
STOP
END

100 PRINT "STUDENT AWARD LIST"
110 PRINT "STUDENT NAME"
120 READ AS
130 PRINT AS
140 GO TO 120
150 DATA "JOYCE BROWN"
160 DATA "FRED MARTIN"
170 DATA "RAY JONES"
999 END

1 .9 2
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TO and -END. These characteristics of BASIC help to make it an
easy language to use. Now answer the check questions on this section.

Check your understanding
1. The_ set of symbols the computer itself understands is called

a. symbolic coding.
b. assembly code.
c. machine language.
d. FORTRAN.

2. Most machine languages use

a! numeric bodes.
b: alphabetical names for data.
c. operation codes.
d. English sentences.

?3. The coding you see below represents a ype of programming
language called '

a. address language.
b. assembly language. t
c. mnemonic language.
d. high-level language.

Operation Address

DVH 2700

4. Once assembly language is coded, it is

a translated by the computer intomachine language.
b. translated into a high-level language.
c. considered to be in machine language form.
d. none of the above.

5. Procedure-oriented languages are also called

a. higher-level languages.
b. lower-level languages.
c. operation languages.
d. basic ldnguages.

1q3
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6. One high-level language instruction ultimately may. be trans-
lated into

a. only one machine I nguage instruction.
b. one or more machi language, instructions
c. one assembly Lang e instruction.
d. one or more assembly language instrucirans:--/

"DEBUGGING" A PROGRAM

, Once a program has been completely written and'eeLed by the pro-
grammer, it is transferred onto punched cards or paper tape by a data
preparation clerk. The punched cards or paper tape are always care-
fully checked (or "verified") for errors before being returned to the
programmer. When he or she has the prepared program in hand, the
programmer can begin to "debug" itthat is, to locate and correct any
problems in it.
- The specific methods of debugging programs vary with the types
of computer and the programming language used. But there are three
basic steps in the tlebugging'procedure used in nearly all situations.

A computer listing of the program is Obtained and is thor-
oughly checked and corrected by the programmer at his or her
desk.

The corrected program is comriled by the computer, and the
compiled program listing is gone over carefully by the pro-
grammer at his or her desk. Any arid all errors are carefully
corrected. This step is repeated until the compiled listing shows
no errors at all.

The final compiled version of the program is tested with sample
data to determine if the program yields the correct output. If
any errors are found in this step, the program is corrected again
and retested until all output is correct.

We will look at these steps individually to see whit techniques are in-
volved in each one.

1.9 4
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Desk, checking
the program listing,

Once the program has been,"brepared" on cards or tape, the pro-
ammer usually has it run on the computer and "listed." That is, each

angruction is read by the computer and is printed out or "listed." It is
this listing which the programmer uses to begin debugging the program

; at his or her desk.
At the desk, the programmer stu es the .listing to identifyony

.apparenCbugs." By reading the listing c kfully and comparing it, line
by line, with the original., han -writte (or "coded") program, the
programmer usually easily finds any clerical errors in the progiam, such
as misspelled items, lines left out, and so forth. When all the clerical
errors have been found, the programmer sends the 'incorrect cards or,
tape back to the data prepaiation clerk with instructions on what cor-
rections need to be made.

As well as looking for clerical errors in the program listing, the
programmer must check the Idgic of the program, looking for any errors
in the kigical sequence of steps, the internal logic in each step, and so
forth. The process of looking for ilhgical errors is, of course, more diffi-
cult than that of finding clerical mistakes. It i not. a matter of simply
verifying the spelling or information in each lint. The programmer must
follow the logic of each like to see that all,processes are correctly defined
and follow correctly oneiafter the other. He or she must also keep track
of (or "trace") the overall logic of the program to see, for example, that
all alternatives in the program are properly deqned and complete, and
that the flow from beginning to end is correct. This procedure is usually
called "tracinghe program.

In the process of trading at the desk, there are several key points
'which the programmer mayuse-guide posts. These checkpoints can
be summarized in the following questions:

1. Is all data input appropriately?
2. Is all data accurately defined?
3. Does each decision have at least two alternatives ( yes, no, =,

>, <)? 4

4. Are all processes correctly defined?
5. Are all requircd reports or results accurately defined?
6. Are all results output appropriately?

195
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7. Does each step proceed to the net in logical sequence? (Is
any step.omitted? Does any step Wad nowhere?)

8. Afe all the "go to" directions correct?
9. Is there an end to the program? ,

You can probably get a clear idea of how these questions help trace the
key "logic" points in a program by seeing wliere'they fit on the flow-
chart of a program shown in Fig. 5-13.

Fig. 5-14 is a computer listing of a. BASIC program showing
sample programmer's notes on the errors in it.

When the computer listing has been thoroughly degk checked and
debugged ana the cards or tape have been appropriately corrected, the
programmer. is ready to proceed to the second bacic step in the, debug-

Fig. 5-13 Flo

0 Is data I, ut
appro 'ately?

0 In program, is all data
correctly defined?

. -

t .with key checking points

O Do decisions hale one or
more alternativs?'

C) Are processes correctly
. defined?

C) Are results accurately
defined?

0 Are results output
correctly?

C) Are :Ups in logical
sequence?

®

0 Calculate
interest

(balance x .07)

0Are wics to" references
correct?

0 Is there an end?

Sum loan
, balances

(accumulate
balances)

[Print balance
and interest
for each loan

O
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71? PRINT I Y

2.40 (iota. A+VAACL Ye %.114.)%3)

8O END

a/

Fig. 5-14 Computer.listing
showing errors

4

g:tigprocedurethat of desk checking the compiled program listing.
Before studying this second step, however, use the questions below-to
see if you have a clear understanding of what goes into the Brit basic
step.

'Check your understanding
1. The first step in debugging'a program is best described py

which of the following statements?

a. The cards or tape are verified by the dailp'reparation clerk.
b. The program is run by the programmer.
c. The hand-written (or "coded") program is debugged

through desk. checking.
d. The prograN is "listed" on the computer, and the listing is

studied to find' and correct all clerical and logic errors- in
the program.

2 Clerical errors can be most readily found by

a. 'reading the program listing and comparing it, line by line,
with the original coded program.

b. debugging the cards or tape.
c. flowcharting the program.
d. using the checkpoints in the tracing procedure.

, 3. Which of the following is a special aid to the programmer
when debugging the program's logic?

a. The checkpoints in the tracing procedure
b. Techniqyes for comparing .the program listing and the

original coded program
c. Flowcharting procedures
d. Nolie of the above
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4. Which of the following are checkpoints in' the tracing proce-
dure used by programmers when desk checking their pro-
grams?

a. Are all the flow liries connected?
b. Does each decision have tviro,br more alternatives?
b. Is alidata correctly.input?
d. Is the sequence from step to steRlogical?
e. Are the flowcharting symbolS'correct?
f. Is each item spelled 'correctly?

g. Is all output accurately defiried?
h. Are all possible processes used?
i. Are all processes defined accurately?

5. The first basic rstep in debugging is desk checking the pro-
gram listing and flowchart. The second step is

a. running thej)rogram on the computer to see if it works.
b. desk checking the original coded program and flowchart

for clerical and logic ergys.
c. running the program and desk checking the output to see

if it is correct.
d. compiling the program and desk checking the compiled

prograM listing.

e

Desk checking
the compiled program listing

When the corrected program is submitted foi compiling on the
computer, what actually takes place is that the computer translates the
program from its high-level language into machine language using its
own compiler program to do the-translation. In the process of compiling
a high-level language program, the compiler not only translates and
stores the machine-language version of the program,-but it will list the
high-level language version and give error messagesfor any instructions
it cannot understand or use. You can see that such a listing with error
messages on it would be a crucial debugging aid.

You may wonder why this step is not done first. There is a reason
an important one. Making a compile run on the computer uses signifi-
cantly more computer time than getting a simple computer_ listing, and
every second of computer time costs. Jt is, consequently, much more

1.98
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economical to do. the first phase of debugging from a computer listing.
Once the clerical errors and the most obvious errors in logic have been
corrected, then it is worth the cost of making a compile-run to help in
the final debugging of the program.

Although programming languages and error message:signals differ
widely, the example of a compiled program listing in Fig. 5-15 should
give you an idea 'what such a listing looks like.

As you can see, the error messages are quite clear on this compiled
fisting. Notice that the compiler even picks up errors in programming
conventions such as qUotation marks put in incorrectly or omitted,

With the compiled listing inland, the programmer returns to the
desk to cheek through it carefully and to correct each Problem. When
the program has been debugged on the basis of the, compiled listing,
the programmer has the cares or tape appropriately corrected by the
data preparation department. Since some of the corrections may involve
errors and some corrections may affect other parts of the program,
creating problems, the debugged program must be compiled again to
see if there are any new errors to correct.

The process ,of obtaining a compiled prograin. listing, carefully
desk checking it, carefully correcting the program, and then re-compil-
ing it goes on until the compiled listing is free of error messages.

Along with a compiled listing, some compilers are designed to
print out a complete listing of locations of data for the progray: This
map of storage kications is often called a "memory dump." When com-
plex or obscure errors are indicated on the compiled. listing, the pro-

10 READ A.B.0
20 IF A25 THEN 60
30 PRINT LIST OF GRADES"
40 PRINT 1104C
50 GO 'T0 5
60. END
70 PRINT A.B.0

MISSING LEFT QUOTES IN LINE 30
BAD FORMAT OR ILLEGAL NAME IN LINE 40
UNDEFINED, STATEMENT REFERENCE IN LINE 50
LAST STATEMENT NOT 'END' IN LINE 76

1Q9

Fig. 5-15 Sample com-
piled program listing

,0
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grammer can often discover the exact prOblem by "tracing" through the
data in storage as shown in the memory dump.

Since tracing through a memory dump can be atedious chore,
wmany computers offer the programmer a speedier ay of tracing

through the steps of the program. A "trace" instruction may be included
in the .program to be compiled which will cause the computer to list
each action it takes as it goes from one step to the next through the
instructions in the prdgram. Then, studying the list .of, actions taken at
each step, the programmer can more easily isolate and diagnose prob-
lems:

Such'a "tracing" procedure is, of course, costly. It would only be
used where necessary in the debugging Of a,program.

Once a program has been successfully compiled, it is ready to be
tested to see if it does what it ig supposed to do. In the time-sharing
mode using the BASIC language, compiling 'is usually a part of the
running of the prbgram. In that case, the programmer usually proceeds
directly from the desk checking of the program listing to a test sun.

Check your understanding, before going on.

Check your underspnding
1. The most common "debugging" aid offered by the computer is

a.'a listing of cards.
b. a listing of error messages.
c. a memory dump.
0. a listing of actions taken by the computer.

2. A program is successfullKdompiled when

a. it is coded.
b. it is punched on some input medium.
6. no more error messages are printed.
d. it can be traced.

3. A programmer can trace dap in storage by using

a memory dump.
a *gram listing.

. error messages.
d. a template.

200
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4. Tracing through a program can be done automatically on' the
computer, when the computer is designed to accept which
of the following?

a. A "trace" instruction
b., A memory dump ('
c.,A "test" command
d. "compile" instruction

. List the following debugging stepsin the order that they occur.

r

The program is compiled.
Clerical and logical errors are corrected.
The program is listed.
The error messages are checked and the program is cor-
rected."
The program is re-compiled.

Testing a program
on the computer

Suppose that a computer program has been carefully flowcharted
and coded, and that the computer programmer has skillfully taken care
of any clerical or logical errors so that a "clean" or error-free compiled
program listing has beennreceived. The program is now ready to run on
the computer. But do you know jet whether or not it will run correctly?
Have you seen the output? Not yet. And, it is the resulting output of a
-program that proves the program's reliability in solving a problem.

In spite of the very careful debugging a program goes through,
very few debugged progranis run perfectly the first time. In fact, no one
even expects them to. The reason is very simple. As careful as you may
be in coding and "debugging" your program, somdthing may have been
overlooked. Making a "test run" of the program will show any "things"
which have been overlooked.

As you saw in the discussion of desk checking, a programmer
checks every possible path in the program logic. A test run should, in
effect, do the same thing. Rather than using a complete set of data to
test a program, however, the programmer will often use selected sets of
data, In this way the parts of the program that will be tested can be
controlled. Using large amounts of data which test the same logical
path can be eliminated. Data used in a test run are at° selected to exer-
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cise the extremes of data to be'processed by the program. Where pos-
sible, the programiner will check boundary value situations against
mown results to test the accuracy of the output.

A flowchart usually clearly outlines the various alternative paths
present in a program. On the sample flowchart in Fig. 5-16, each of the

. alternative paths has been marked so you can see the possible logical
paths NvAtich might be tested separately.

Oyou can see, there are three logical paths to be tested in this
program:

1. The path if Ann wins.
2. The path.if Pay wins.
3. The path it there is a tie.

Oft

.
In many. casesthe actual data to be processed by a program 'like

this may consist of 1,000' cards (representing the votes). Obviously, a

1

.1N
Fig: 5716 Flowchart of a
program to be tested Read names

and votes

Add votes to
get total for

each candidate

Yes
'Print "Ann
Walters wins

with total vote
of

Print "The
Election is a

tie."

Stop

t

itPrint "Jim/
Strand wins

with total vote
of

ti_..----

202.

"Ann wins" path

"Jerry wins" path

"Tie" path

0
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deck of 1,000 cards comprises a large volume Of data to run through an
untested program. Computer time is wasted if the results of this large
a test run are incorrect. Only a few cards are needed as input to a test
run as long as the cards used test each alternative path in the program
logic.

Let's look at the selected data you would need to test the program
illustrated in the flowchart in Fig. 5-16. Obviously, in this case, data
comes into the pr gram on punched cards. We can look at just what
data will make up a test input deck.

Since the program calls for tallying votes for Ann Walters and
votes for Jerry Strand, the programmer would 'probably need at least
two cards registering votes for each candidate to see if the program
adds correctly. a

.A test run with these four cards would not only test"' the addition
of the program, but it would test whether or not a correct "tie" report
were produced.

,

To test the "Ann wins" path next, the programmer could just add.,
another card registering a vote for Ann to the origin-al deck of four and
make another test run. ,

Finally, .tci test the lerry wins" path, two more cards registering
votes for Jerry could be added-tathnink-Trird athird-rst run male..

By running all the test data through a program on the computer, a
programmer can see if each selected card is 'processed correctly. If any
portibn of lie final test output is incorrect, the programmer must correct
the program, recompile it, and submit another test run. When the results
of the test run are accurate, the testing phase is completed. At this

.a

point, the programmer is to document and then submit the pro-
gram for use. Before learning to document your program, check your
understanding to this point.

*

Check your understanding ,

1. Once a programmer receives a "Crean" compiled program,

a. the program can be submitted for use. .
b. a test run of the program must be performed.
c. the program is completed.
d. all of the above are correct answers.

%
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2. Which or the following proves the reliability of a computer
program?

a. An error-free compiled program listing
P. The resulting output
c. The jnput
d. The memory dump

3. A test run is used specifically to check

a. for clerical errors in the program.
b. for compiling pi oblems.
c. every path in the progliam logic and the resulting output.
d. All of the above.

4. Test data usually consists of

a. all the actual data to be used by the program.
b. all punched cards.
c, selected datewhich tests a few logical paths in the pro-

gram.
d. none of the above.

5. If the results of a test run are incorrect, the programmer will

a. correct the rogr,am and submit another test run.
b. turn the pro am over for use.,
c. recode the entire program from scratcn.
d. change the teat data deck.

c

DOCUMENTING A PROGRAM

The people who work id a computer center often have to rely on each
other for information. The systems analyst, who designs overall com-
puter systems' to meet eustomers"computer needs, relies.on the cus-
tomers for a. definition of their needs. The programmer relies on the
systeMs analyst for accurate specifications for the programs required
by the system. The computer operator must rely on the programmer
for instructions on bow to run the programs he or she has written.
Obviously, these nople must communicate with each other. Because
computer centers often have changes in personnel or assignments,
communication is most effective in a written,form.All.the written
communication about a computer job is called documentation. Each

I

2n4



"%,

.

198 Computer programming: techniques and tools

member of tie computer center staff ntakes his or her own contribution
to the written documentation used in the center.

Often documentation standards are created by the collective staff
according to the needs of each department and are approved by the
computer center manager. In this section you will see some steps the
programmer follows in documenting computer programs.

The computer programmer is generally responsible for two kinds
of documentation: (1) general information about a program for the
computer center records and (2) specific information to the computer
operator on how to run the program.

General documentation

A general documentation for, a program includes the final flow-
chart, a program listing, a program description, and description of
input and output. Let's look at each in turn.

You saw in the section about "debugging" that the programmer
may have to quake changes in a program which change the original
flowchart. The programmer must keep track of all such changes so
that a flowchart can be drawn showing the final solution tothe,problem.
As with any documenting process, the progegmmer will usually follow
standards set by the computer center staff. She or he may need to use
a template with specific symbols of a particular size. The programmer
may also have a standard flowchart paper to use as the flowchart may
be placed in a binder with other information. Whatever the flowchart
conventions for' a particular computer center, a programmer must
supply a final flowchart of the program for general use.

Once the program has been ylebugged. and successfully tested, a
program listing is obtained or tr!ie in documentation. In addition, it
is helpful in the ,documentation to have comments inserted in the
program before it is-listed as guides to any new programmer who may
have to update the program. Nearly every programming language sup-
plies some means.of making remarks in a program: The sample program
in Fig. 5-17 shows one way,remarks can be placed in a program. Look
at the notes pointed out by the arrows.

Often computer programmers write oilt a complete-description of
the prograth as a part of the general documentation. The general de-
scription ay include an explanation of the steps in processing data,
the form o input and output used, and a description of any codes used
along with the meaning of each code.

2nd



930
940. 950
960

FOR TO J1
YSZSCI.I3
IYS "." THEN 990
IF S11.0 THEN 1030

970 52.1
980 GOTO 1010
990 IF FS4"0" THEN 1030
1000 IF YS1.9" THEN 1030
1010 NEXT 1
1020 COTO 1110
1030 PRINT "...SW". NOT NUMERIC REPLACEMENT"f
1040 INPUT ZS
1050 GOSUB 4900
1060 CIC11
1070 OW 580
1080 REM
1090 REM LOAD DATA IN HOLDING STRING
1100 REM
1110 D1CPC3.C13.PC3C134,11-13.21.
1120 K14141

42 1130 NEXT J
1140 IF T11 THEN 300
44401150

Itip
IF C141 THEN 1240
RIM ERROR ROUTINE

1170 PRINT "THE LAST "f
1180 PRINT USING "64/0":KCI
1190 PRINT " ITEMS ARE STILL NEEDED"
/200 03TO 300
12/0 REM
1220 REM STORE HOLDING STRING FOR LAST DATA PROCESSED
1230 REM
1240 J4.413.INTICR2 .41/2)
1250 READ 1.44413S.CS
1260 IF R2"24/INT1R2,2, THEY 1290
1270 CSDS
1280 0320 1300
1290 Nsps
1300 PRINT14.74:BS.CS

411440,1310

REM
1320 REM CO BACA TO PROCESS THE KEY
1330 REM
230 PRINT

1 1350 COTO 110
1360 PRINT "END OF SPACE IN FILE.
1370 Bl
1380 IF Did NI THEN 1420

Fig. 5-17 Sample docu- 1390 FOR J443 TO J341111

mentation listing with com-
ments

1400 PRINT 1..34

Finally, general documentation ,:sually includes information on
the input and output formats used with this program. Special diagram
forins are commonly used for this purpose to show just how input must
be arranged on the media or how the output forms should look. Fig.
5-18 gives an example of a card layout form which shows just how input
must be prepared on cards for use with 'a specific program.

As you can see, data is grouped on the input card in a certain
format. The card layout sheet gives general information about the

' input: isioticithat special ifoceSSing codes and their meanings are also
listed on the card layoutsheet. This information about input is helpful
to the keypunch operator who punches card input. It is also helpful to
other eomputeccenter, staff members who need to understand how a
computer program works.

Output of a program is also documented with a layout sheet for
the particular output mediuM used. Printer reports, for example, are
drawn up on a print layout sheet the one you see in Fig. 5-19.

199

2 ,16



r

200 Computer programming: techniques and tools

As you can see on the sample print chart, the exact print positions
of data on a printed report arc described. Often a preliminarprint lay- ,

oitt is created by the programmers before they code a program. During
the testing phase, changes ty t e report format may have to be made.
So pro ammers are alwayipretxared to correct the print layout sheets
as they go along. The final layout sheet submitted a doeumeritatier
reflects the finally tested print format.

. )

Specific documentation

In the specific documentation, the programmer is responsible for
telling the comftuter operator how to run the programs. Often docu-
mentation for operating procedures is also standardized by the com-
puter center staff and approved by the computer center manager. An

'example of instructions for documenting a program for the operations
staff in a typical computer center is given in Fig. 5-20.

Fig. 5-18 Sample card layout
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I PROGRAM OPERATION DOCUMENTATION

Program 5: 121 WOtted In: COBOL

-Programmer: .1. Watts

General Descriptioee Tb6 program calculates monthly salary'
-and deductions end prints pi:3 checks. If a name or identif17
Calor) number for any employee is missing; -a pay check for
that person hill not be printed. Input needed: payroll informa-
tion on magnetic tape. Output needed: payroll 6heas, special
form f281.

Information Attached: Job set-up sheet

Date and time due: Last Friday of the month - 10:02 'a.m.

Return to customer: J. Davidson - Payroll Dept. - Ext. 241

i .

JOB SETUP SHEET
swim Aseu.. srmw
Program Identification, Program Proem, Nam*

Page 8 i of i
Dates Vasivo

- Eat. Run Time. 241 NW.
oateTimeDov'44W PaOiyi *Am.

. . .MI P'44""- C'Hfeki'.

..., .
arilLOSUCLAMLIBMai

klonttlicafoo
. lairLigaligm ,

tdantlfleatton I Return to
Oggre,1211

..,.-

none

INYLBeallf11 I
Name

. . 8
twecte.
Pm/wt.

Tape N CO
Host Use, n'Alarall
Save Time: 1 30 delgS _

il
.

.

1161.2eaSJIMUIN1 I step2, Sava
. Name

.)
DIM Peek c
Next Vic
Sass Times

CONSCLLUID3XDaLt 8

folds MyAsu. OAK 444cAl istworopp awr "-mull, ilo.,,,riy

mtracce. SWITCH SMOGS slam', .3 -ay.

neasusrauthumns
:7-, 11 'tr. ttavv Fenn E.

RNA .103//
csn-AlLr_

^Atm. OrteRs Cmorad Al S

211CUL lum other stde it needed)

COEITtE (.4ErOMEN. he .w aPtetErEE8 ow rini
...

209
4

Fig. 5-21 Sample pro-
gram operation documen-
tation sheet

C

Fig. 5-22 Sample job set-
up sheet

A



Comptger prbgramming: techniques AO tools _ 203

As you can see in this example, a programmer is usually required
to submit rather detailed information about running the programs. A
computer operator is always concerned about efficient a §e of computer
time. The easiest way to minimize the time it takes to run a program is
to have very well-written instructions available.

Fig. 5-21 is an example of a partial program operation description
which follows the instructions given 5-20.

As is indicated on the program operation documdntation forth
in Fig: 5-21, a job set-up sheet is to' be found attached. An example Of
such a,sheet is given in Fig.,5-22.

Look th"e example over carefully. You can see. that the program
identifica on is complete, including wh t card decks are needed, and
what out it forms are needed when r ning the program. Also, if the
operator n ust enter anything on the computer console during the run,
the progra mermakei a note of it on the job set-up §heet. In addition,
any special omputer switch settings needed are also noted.

See if g neral and'special documentation are dear to you now by,
answering the check questions.

, .

Check your understanding
1. Program documentation is

a.' the program listing.
b. an input description:"
c. all written mmunications about *a'program.
d. instruction s on programming.

2. Which of the following is true about documentation standards?

Ia. tandardeare created by the computer center staff ac ord-
g to the needs of each department..

b. Standards are usually approved by t4icomputer c nter
manager.

c. Both of the above are true.
d. Neither of the:above are true.

3. Which of the following kinds of documentation is a program-
mer responsible for?

210



204 Computec p,ogramming: techniques and tools

a. General information on programs for computer center
records

b. Daily operation schedule
c. Specific information on how to run a prog ram
d. Systems analysis
e. Management reports

4. Which of 4heirollowing kinds of general information are usu-
ally required for documentation from the programmer?

.
a. A program description
b. A systems specification
c. A program listing
d. An operating manual
e. A final flowchart
f. Input and output descriptions

5. Input or output descriptions are most often recorded on

a. punched cards.
b.. paper tape.
c. layout sheets.
d. program listings.

6. Which of the following is the most important documentation to
the computer opetator?

.ed
a. 'A job set-up sheet
b. The name and location of the customer
c. Inputor output layoursheets-
d. A general description of the program

7. Study the job set-up sheet in Fig. 5-22 on page 202 and answer
the questions below.

a.' How is the progiam identified? What is the program num-
ber? What is the ptogram name?

b. What magnetic tapes or disks are used for this program?
c. Describe the output form to be used with this program.

REFERENCE MANUALS
s,

. .. .
Very few programmers, unless t hey have 'a "photographic" memory,
can remember every detail about the computer system they are work-
ing with or'all the possible instructions in the symbolic language they

2 1
4
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are using. Consequently, program make considerable use of refer-
ence manuals which give the n ed details on how a system operates,
what its software does, and w programming languages are used with
the system. -

With experience, of c irse, a programmer can begin to usea com-
puter system or a language with greater ease. But, as computer pro-
grammers must eventually know about more than one'programming
language and more 'than one computer, they need to rely more and
more on reference manuals and guides in their work. Not only do pro-
grammers ultimately work with several different programming lan-
guages, but each different system may require slight modifications
in,theway the programming language is used.

Operating system guides

All manufacturers of computer systems provide operating system
guides: They explain what hardware is available in the system as well
as the details about the software (or operating system programs)

\ designed. for it. Since the information in a reference manual covers
all details about, the computer system, programmers don't even need
to try to memorize them all. They only need to know how to use
guide 86 that whenever there is a question about how the computer
works,-they-can -refer to the operating system manual and find the
answer.

An operating system manual usually discusseS many topics. These
include how the syst9 works in general and how to,. use its input/

y outptit capabilities. A manual also includes whatever a programmer
needs to know about how a computer's hardware accepts and processes
data or pzograms.

In addition, the operating system manual often has general infor-
mation about prograinming languages. Since most computer systems
are capable of translating two or three symbolic languages, the op-
erating system guide will often give a general description of how each
symbolic language is used in relation to the hardware available on a
particular computer.

You can see from the sample table of contents in Fig. 5-23 how an
operating system manual may be organized. Read the contents care-
fully and notice how information about the system's input/output
capabilities is entered. Also, look over the entries on programming

212
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OPERATING SYSTEM GUIDE

CONTENTS

THE OPERATING SYSTEM
Introduaton 3
Using Your Operating System 15
Loading a Program from Cards or Paper Tape 16
Disk Oiganization 18,
',Magnetic Tape Organization .20
Listing Data from Magnetic Tape 25
Listing Data froaaDtsk 26
Printer Format 28
Error Messages, 42
Reading a Memory Dump " 46
How to Use a Compiler Listing 51

PROGRAMMING TIPS AND TECHNIQUES
Tips,for FORTRAN Users 61

The FORTRAN Compiler 69
FORTRAN Control Statements £6
Error Messages for FORTRAN 67

Using RPG 71
RPG Control Card 74
End of File Card 76

Using qopoi. 77
The COBOL Compiler 78
COBOL Control Statements 82
Error Messages for COBOL 85 -,

Fig. 5-23 Sample table of
contents for an operating
system guide

tips to see what kinds of information the manual provides about pro-
gramming for tfiis.computer system.

As you can see from this example, most of the programming, tips
and techniques found in an operating system guide pertain to program-.
ming in relation to the computer software. Fol. example, the compiler
and control statements for each language are discussed in this section.
Most of the detaile4 elements about using a programming language,
such as ho*.to use the arithmetic operations in the language, are left,
out of the operating system manual. Most manufacturers find it more
practical to write separate guides to the programming languages to be
used on their system.

Programming language guides

A manufacturer's programming language guide shows all the de-
tails of how each f__Jgrainming language must be used with the par-
ticular computer system. To ensure accurate and efficient programming

206
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for a particular system, therefore, programmers always follow the
system's appropriate programming language guide carefully. The sam-
ple table of contents shown in Fig. 5-24 illustrates how complete the
typical programming language guide is. Real it carefully.

You 'Can see that Part I describes each o£ the several BASIC state-.

- ments which may be used with this system. Parts II and III deal in
detail with how variables in BASIC must be handled.

Once programmers have learned, a standard, language, they can
then program for any system in that language with the help of the

Fig. 5-24 Sample table of
contents for a programming
langUage manual ,

A GUIDE TO BASIC ON COMPUTER XYZ

TABLE OF CONTENTS

PART I: BASIC STATEMENTS

Arithmetic Operations 3

GO TO Statements 10

IF --- THEN 12

FOR --- NEXT 05 °),.

Reading Data 22

PRINT 25
Q

Sample Program 27

PART II:" STRING VARIABLES

Reading Strings 33

Printing Strings 36

Strings in Data Statements 41

PART NUMERIC VARIABLES

In an Arithmetic Operation 45

- Reading Numeric Data 49

. Printing Numecie Data 52

?",
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system's accompanying language guide. Often a programming langUage
guide for a given system will reflect only minor alter3ttions. in the stan-
dard conventions of the language. On the Other bait, some systems
require extensive modificaticfns in the language's use. In both cases,
the manufacturer's language guides provide all the information the
programmer needs to use programming languages correctly and effec-
tively with the system.

Subroutine libraries

In writing programs, programmers often need to instruct com-
puters to do very routine task§. These may include sorting data in
alphabetic or numeric order, which involves long complex sets of in-
structions. If programmers had to write out the extensive instructions
every time.the routine task had to be performed, a great deal of time
would be wasted.

To save programmers this time, computer manufacturers normally
provide their systeins with a whole set of pre-prepared programs telling
the computer how to perform these routine tasks. Each of these pro-
grams is called a subroutine.

Subroutines are stored as part Of a computer's operating system.
Then, when the programmer comes to a place in the program where
a routine task is needed for which a subroutine is available, he or she
can write_in a "request" or "macro" instruction to use the subroutine
at that place.

The complete set of subroutines in a system is usual15, called the
"subroutine library." Manufacturers always provide subroutine library
manuals for their systems. They describe all the subroutines available
in the library and give directions to the programmer on how to use
them.

A table of contents for a typical subroutine library manual is
shown in Fig. 5-25. Notice the different kinds of subroutines that arc
included in this sample library.

Can you see how computer programmers depend a great deal on
reference books? Programmers can improve their knowledge of their
jobs quite a bit just by learning which manual will tell them what they
need to know.

Before you go on to the next section on learning and writing
programs, see if you understand the use of reference manuals in a
programmer's daily work by answering the follqwing questions.
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Fig. 5-25 Sample table of
q. contents fcr a subroutine

library manual
\1,

k. COMPU A10

SYSTEMS REFERENCE LIBRARY) SUBROUTINE LIBRARY

Subroutines

General Error-IlanIlling

The Calling Sequence or "MACRO"

Card Read Punch Subroutines

Disk Subroutines

Printer Subroutines

Paper., Tape Subroutines

Subroutines Used by FORTRAN.

)

k
1.

1

2

5

8

TYPEX - Console Prin(Cr'Su outhie

PNCRY - Output Subroutine

READX - input Subroutine

Arithmetic Subroutines \?,
Sine-osine

Square Root

20

26

30

33"

39

Exponents 12

Check your understanding
1. Programmers make considerabreuse of reference boRks be-

's"\\ cause

a. the details of programming often vary from sysfem to
system.

b. the standard conventions of a language. are harb to learn.
c. they usually have to program in too many diffeient lan-

guages to learn them.
d. all of theabove are true.
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2. Information atiout how the system operates can usually be
found in .

o

a. the system's progratiming language manual.
-b. the systems operating system guide.

a BASIC manual.

3. To learn how to use FORTRAN most effectively with a specific
computer system, the programmer would refer to

a. a standard FORTRAN language textbook.
b. any system's FORTRAN language gv,ide.
c. the specific system's operating system manual.
d. none of the above.

4. A subroutine library manual

a. describes the available subro utines in a computer system.
b. tells where in the'computer center's library to find books on

subroutines.
C. tells how to use the §yste m's.subroutines.
d. does none of the above.

5. Assume you are programming for the Com. pu A10 system, and
that you have the operating system guide whose table of con-
tents is shown in Fig. 5-23 on page 206; Look at the table of
contents carefully. What pages would you look onto find out
about how to use the Compu Al0 operating system, how to
read a Compu A10 memory dump, what the Comp' A10
COBOL compiler will list, the format of the printer, COBOL
error messages?

6. If you were programming in BASIC on Computer XYZ's sys-
tem, you would have the system's GUIDE TO BASIC available.

.The table of contents for this guide is shown on page 207.
Which of the following topics would you find discussed in this
guide?

a. How to call on the Computer XYZ's alphabetizing sub-
routine

b. How to program in BASIC for Computer XYZ
c. How to use BASIC statements with XYZ
d. ttow to program for XYZ in FORTRAN
e. How XYZ reads string variables in BASIC'
f: How to use XYZ's line printer
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7. Suppose you were programming for the same system and you
were thoking at its subroutine library manual's table of con-
tents shown on page 209. On what paged would you find
details on the; macro-instructions needed to call on sub-
routinesvprinter subroutine, FORTRAN input subroutine, and
alphabetizing subrotitines?

LEARNING BASIC
AND WRITING PROGRAMS

The characteristics
of a program

As you already know, BASIC is probably the easiest high-level
programming language to learn. In this section, you will apply yourself
to learning the fundamentals of programming BASIC.

Before beginning your study of BASIC, however, you should be
sure that you have a general understanding of just what a computer
program is.

A computer program in any programming language is a complete
set of instructions which tells a computer, step-by-step, how to process
certain information (input) to obtain and print out certain other infor-
mation (output).

As an example of a simple program, look at the BASIC program
'n Fig. 5=26 with the line-bY-line explanations. Can you tell what this
,ogram is designed to do?

,from the explanations in Fig. 5-26, you should have gotten the
idea that the program instructs the computer in processing two num-
bers (215 and 426) to obtain and print out their sum.

This sample program illustrates several important 'features of
programs in general. It should lie clear that the program is written -in
a precise way, using key words and special punctuation rules. You can
also see that the instructions follow one after the other in close, logical
order. These are characteristics...of all high-level languages. Each high-
level language has its own rules for setting up a program, its specific
instruction words and punctuation conventions, and its own rule?: for
constructing sets of instructions to accomplish Certain things.
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PROGRAM (in. BASIC) EXPLANATIONS

10 R = 0 Step 1:: The value of R is initially
set at zero.

20 READ. X,Y Step 2: Read the two numbers
(to become X and Y) from ' .

data statement (line 50).
30 R = X + Y Step 3: Make the value of R

equal to sum of X and Y.
40 PRINT "RESULT IS"; R Step 4: Print out the words

"RESULT IS" and then
print the final value of R.

50 DATA 215, 426 Data Line: This is the information
the program is to process
(the numbers 215 and 426).

99 END Step 5: End of program.

/

Fig. 5-26 BASIC program for obtaining the sum of
215 and 426;

The example Also showsisomeof the par tiCular characteristics of
the BASIC language. First,, notice that the key words and symbols in
the, nstructions give a good clue about what the instruction involves.
For example, the second line ("READ X, Y") clearly suggests that
some numbers are to be read in or input, and the third line ("R =
X.+ Y") clearly indicates that the two numbers are to be added to-
gether. This characteristic of the BASIC language adcis to the 'ease of
learning BASIC.

Notice how concise each line of instruction is and that each line,
is numbered. This conciseness makes BASIC relatively quick to write
and to input into a computer. The line numbers .not only help dip'
programmer keep the. instructions in order, but serve as a quick refer-
ence to individual lines of instruction.

Programs in-BASIC can, of -course, become Much more complex.'
Hpwever, from the simple example above you should have a good idea
of what a BASIC program looks like and how it may instruct a com-
puter in processing certain information to output certain results.

Now check your undeistanding:
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Check your understanding
1. Which of the following best describes a program?

-a: A set of data put in logical order
b. A set of instructions for entering data
c. A series of print instructions .

A set of instructions for inputting, processing, and out-
putting data

2. Of the following, which is true of high-level programming lan-
guages?

They are written using special words according to precise
rules and conventions.

b. They use the punctuation conventions normally used in
everyday English.

c. They are code languages which vary from programrrier to
programmer. ,

d. All of the above are true.

3. Which of the following are characteristics of the BASIC pro-
gramming language?

a. Code instruction wordS and symbols are difficult to learn to
read.

b. Each instruction line is numbered.
c. The language is concise.
cf. Key-instruction words and symbols give good clues,aboitt

what the instructions involve.
e. The language uses mostly complete English sentences,

,
AV'

Learning to program
in a programming language

o Now you are ready to study a programming language in detail,
.Before going on, ask your instructor to recommend a manual which can
teach you the elements of programming in BASIC; If your computer

:system exclude* the BASIC language, of course;, your instructor may
recommend a manual for studying some other language, such., as
FORTRAN, PL/1, or COBOL.
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Programming: two kinds

The kind of programming you have been learning about is called
applications programming. It tells the computer what t6 do with
certain data to produce certain results. This kind of programming is
required whenever a problem needs solv_ing and a computer can be
"applied" in solving it. The problem might be "to compute and pritit
paychecks for all employees in a company," or "to plot the, trajectory
a certain missile," or even "to pick compatible boy-girl pairs for the
Senior Prom." Whatever the problem is, it can be seen as a specific
application of the computer. Consequently, this kind of programming
is usually called -"applications programming."

There is another kind of programming that is quite different from
applications programming, and quite essential to the effective func-
tioning of the computer system. It is called systems programming.

If you have written any applications programs, you are probably
aware that the computer is equipped with software, or programs, that
make the operation of the computer more automatic, that make pro-
gramming easier, and that increase the speed and efficiency of the
hardware. These programs are the ones that are developed by systems
programmeis. The sole function of a systems program is to make
the computer system operate more smoothly, or to make it easier to
Program. A systems programmer writes programs for the computer
itself, while an applications programmer writes programs to solve
problems for .computer users.

There is another way to see the difference between the two kinds'.
of programming. An applications program is written specifically to
input certain information, proces: it, and output -new- information.
Once the program-has been executed, it may be' removed from main
storage and filed'soinewhere until it is needed again.

In contrast; systerns prograins do not produce output reports.
They do not process information Jo produce new information. Instead,
they act "behind the scenes" scheduling and allocating various pieces
of hardware, keeping track of what is going on, or, in the case of a
large computer, even permitting it to execute .several applications
programs simultaneously. Systems programs are usually in main storage
all the time or are quickly accessible.

In summary, you can see that while applications programmers
work with programs to process and produce useful information, sys-
tems programmers workwith programs which make it easier for the
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computer to deal with those applications programs. These systems
prograins constitute the software of the computer system.

SYSTEMS SOFTWARE

efore software

As ou know, in the early days of computing, computer's were used
in a very rimitive way compared with present day standards. All
programmi was done in machine language. That is; each single
instruction to "add" or "store" or "print a digit" had to be translated
by the prograMmer to the numericicode that computers understood.
Thus, writing pi:? ams was a slow and laborious task.

To give you'. n ided of how much more work there was for the
programmer, look a how a simple addition program cat be written in
BASIC:

\ 10 LET S = A ± B
0 PRINT .S

3 END

You can see how close this language is to the language we ordi-
narily think and speak in. This :makes it easy to remember and to use.
Now, compare this with the machine language that programmers
used to have to use. The above addition program, for, example, might
look like this in machine language:

034
035
134
235
636
536
900

In the days before software, writing programs was called "coding."
Programmers often were called "coders." You can see why!

rimming programs on the computer was no less slow and laborious
thail coding the programs. The operator would use a "loader" program
(already stored in memory) to read in the machine language instruc-
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lions from cards or paper tape. Once the program was loaded, the
operator would start the run. He or she might have to interrupt the run
several, times to prepare input or output media, load data, monitor the
operation of the machine, or even make manual changes in the pro-
gram. Mostly, programmers and operators worked very hard, and the
machine waited.

The first software: translators

The first rear advance in using computer hardware. came. when -a
weary programmer realized that the computer itself, if properly pro-
grammed, had the ability to translate instructions (like "add!' or "store"
or "print a digit") to numeric code. ThuS, the first "software" was de-_
veloped: an automatic translator program. This meant that program-
mers could write programs in languages much closer to their, own
languages and have the computer translate them. These new pro-
gramming languages are called "high-level languages" ( or "procedure-
oriented" languages) as opposed to "lower" level languages such as
machine taxi assembly languages.

To this day, the automatic translation of human language pro-
gram instructions into machine language code is one of the most
important functions of software. Of course, we have become very
much more sophisticated in developing translators. Today program-
mers can write instructions almost as they would talk, without worry-
ing about the particular flume* code the machine uses. Modern day
programMers can, therefore, spend much more of their time in analyz-
ing problems and devising a solution, and much less time actually
writing the instructions of the program than their counterparts of a
decade or more ago.

The un-automatic computer

After it was recognized that computers could do their own trans-
lating or codiiig of programs, the next obvious inefficiency in using a
computer was tackled. That was the problem of how much time it took
to execute a series of programs or "jobs." The steps shown next used to
be involved when the comptiter was used to translate and then to run
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a program. You can see that there was. not much "automatic" about
the process. For a typical program to be ram, the sequence used to be
roughly like this:

The programmer submits 'a program to be run, punched on
cards, and 'some data to be processed, also on, cards. (The
program, must be translated to machine language by the coR
puter before it can run.)
The operator finds the sta'cic of cards for ,translator
gram, places these cards in the card reader, -and loads the
translator into the machine. The-operator then puts,the cards
away .°

The operator takes the original program itself and places the
cards in the card reader. Then the operator starts ("runs") the
the translator program.
The translator converts the original program to machine lan-
guage and produces a stack of cards punched with the coded

:machine language version of the original program..
The operator takes these machine language 'cards,. puts them
in the card reader, and reads them into the computer along
With the Iata cards.- -

The operator runs the program.
When the program is finished (if there was no problem re-
quiring operator intervention); the operator takes the entire
set of cards from. the reader, takes any output such as paper
from the printer, puts these all together, and returns them to
the programmer.
The operator then starts the whole process again for the next
program.

You can see that, even with automatic transkitor programs, oper-
ating a cOmputer was still awkward, inefficient, and slow. It required
many manual operations. This was true because the computer's. main
storage is usually too small to hold the original high-level program, the
translator, and the machine language 'version of the original program
all at the same time: The next step toward truly automatic computing
had to be the invention of new hardware: auxiliary storage devices like
magnetic tape and disk.

°nee' auxiliary storage devices were available, it was possible to
simultaneously store everything rewired for translation. The translator
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could be kept in auxiliary storage. As thAtiginal program was read
into main storage, the necessary parts of the translator would be called
into'main storage to do the translation. The machine language version
could be put in auxiliary storage as it was produced by the translator.

Automatic "operating systems-,

The invention of this new hardware made it necessary that new
software be developed, to control the interaction of the computeY with
auxiliary storage devices. This new software was called armpiating
system. Theoperating system automatically controlled all of the opera-
tions involved in translating and iunning a series of- programs; reading
in a program, calling on the required translator one piece at a time as
needed, storing the ranslated machine language version, reading in
the next program i the series, and so on.

Then, with new hardware and software ( auxiliary storage and
operating systems), the truly "automatic" comipter became a reality.
This meant that the steps involved in translating and running a program
were reduced to the following:

Programmer brings in a stack of cards containing a program
and' data.
Operator places "job control cards" in front,, of the stack:
These control cards contain information for the operating
system, including

the name of the, program and perhaps of the programmer
which of the available translators is needed for this par-
ticular program -

the type and format of the data
the special subroutines ° and utility programs ° the pro-
gram calls for
which input and output devices will be used

The operator places this stack of control cards, program, and
data (called a "job") behind the larger.stack which is already
in the card reader. There are now many jobs lined up to run.
The operator starts the computer.

* These are standard routines, such as finding a square root, or alphabetizing a list.
Theyglre stored and called on whenever they are needed in a program.
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-While all of the jobs are being run, one after the other, the oper-.
*ating system types messages, telling the operator which inpit and out-

- Put devices to have ready.'The operator can then be mounting tapes,
changing printer paper, or loading more cards without. stopping the

--oiieration of the.computer.
Before going on, check your understanding by answering the

check questions.

Check.-your understanding
1. In the early days of computing, the programmer was called a

"coder" primarily because

a. the programmer wrote programs in abbreviated words like
STO and ADD.

b. the programmer was requifid to understand Morse code.
c. the programmer used 'translators to develop machine

codes.
d.-the programrher programmed in the numeric code of the

machine.

2. In the early days of computing, the first "software" developed
was

a, an,automatic translator program.
b. ansoperating system.

.e. a job control language.
d. a machine language.

3. The lowest-level programming language, and the most difficult
to use for writing programsjs

a. assembly language.
b. translator language.
c. machine language.
d. BASIC.

. 4. What two hardware and software developments made op-
erating the computer truly automatic?

a. Translators and main torage
b. Auxiliary storage and erating systems
c. Auxiliary storage and translators
d. Card readers and operiting systems
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THE FUNCTION OF SOFTWARE,

You have now seen the two Most important functions of software:

To provide aids, for the programmer, to make the job easier
and quicker.
To make the operation of the computer more efficient, speedy,
economical and automatic.

The t wo functions are accomplished by two different kinds of software:
. (1) translator programs (to aid programmers) and (2) an operating
system ( to increase the operating efficiency of the computer). The
systems programmer works in the main with these two kinds of soft-
mireeither ,creating new translator and operating systems or. install-
ing and modifying those already available. Let's fake a closer look,
then, at each of these two types of software. First, we'll consider
translators.

Translator's

A translator, as you already know, has one purpose. It is to convert
instructions 'written in a language understandable by humans to the
machine language understandable by the computer.

a_ Every computer has its owri unique machine language, like no
other computer's machine language. This means that every brand and
model of computer will have, translator programs that convert high-
level language programs into its particular machine code a. I no other..

When stored inside the computer, the symbols which make up the
machine language program are l's and.O's. For example, a typical pro-
gram instruction to "print out a number" might be

010100110110

A program to add two numbers which are in storage and print
the result might looklike this:

"we

000000100010
000000100011
000010000110
00001110101,1,
001001111100
001000011000
11110000100
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This is obviously not an easy language to learn or work with!
Without much effort,theomputer can be wired so that, instead

of typing in or out in long strings of l's end 0's, we can use a machine
'language of more normal-lookingokmbers. Even so, the preceding

program is difficult to read:

034
- 035
134
235
636-
536
900

- Although it is easy for the computer to work with machine language,
'it is difficult for people to program in this language.

a

Assemblers. However, the computer has the poWer to recognize
letteli and symbols, as well as numbers. it can be programmed to sub-
stitute the number 2 every time it receives, the symbol ADD, and
substitute. the number 6 every time it receives the *symbol STO. In this
way, the machine can be programmed to translate a program written
alphabetically into its equivalent machine code, automatically. This
type of translator is called an dssembler.

Let's look again at the program toad* two numbers and print the
result. Examine the program as a programmer would think it, and then
as a programmer \vould write it in assembly language. Then look at the
machine language program as translated by the assembler.

The desired
instruction :s
as follows:

The programmer
writes in
assembly language:

The assembler
translates to
02e:following:

Input "A". INP A ,034 ,

Input "B" INP B 035 40
Clear accumulator

register and add "A"
CLA A . l34 -

Add 113" (``S': is now cc ADD B 235
in accuinulator)

Store "S" . STO S 636
1 , Output (Print) "S" OUT S 536

-Halt and reset HRS 900.

-R-
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f, The translation from assembly language to machine language is
a fairly simple conversion. When using assembly language, however,
Ale programmer still must know how the machine works in order to

- -tell the machine exactly what to do at every step. Each instruction
the programmer writes hi assembly langbage is trari§kated into exactly
one machine language instruction in ihie.to-one conversion.

icssembly language is the programming language most frequently
used by systems 'programmers. It allows theE.systems programmer to
deal directly with the-machine in very fine detail without the nuisance
of translating to machine code.

In fact, systems programmers may deal with assembly language
in two ways. They Will use assembly language to write most of their
programS, but they may first of all create the langlage and the assem-
bler program which swill "translate the assembly language into the

- machine language of the computer. Of course, when ,they are creating
the assembler, they must program-in machine language since no trans-
lator yet exists. Machine language and assembly languages are very
closely related, as you can see. While the machine code is created by
the engineers and the assembly language for the computer is created
by the systems programmers, b6'th are unique to the particular model of
computer..Neither the machine language nor the assembly language
used in one model of computer can be used to program another model.

Macro-instructions. Often a programmer finds a certain set of
machine language instructions is used over and over. For example, a
particular computer might need a particular set of three instructions,
one after the other, to print a number. In a program with lots of print-
out, these three instructions might be used hundreds of times, always
in the same order.

Rather than force the programindr to write these same three in-
structions over and over every time he or she wants to print a number,
a short sub-program might be included inside the assembler to take
care of these instructions. Every time the programmer gives the instruc-
tion' PRINT in assembly language, for example, the assembler would
translate it into the necessary set of three instructions:

, Any'instruction, such as PRINT, which gets translated into several
machine langliage instructions, is called a macro-instruction. There
might be many such macro-instructions permitted by the assembler.

Althbugh the use of macro-instructions greatly simplifies program-
ming, reduces the length of the original program, and cuts down on

22
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translation here involves more than just ianging-each single word into
a single number.

The-assemblers crested and used by systems proirammers usually
incorporate many macro-instructions. However, they are still called
assemblers, because the resulting machine language version df the pro-
gram still has more or less one machine language instruction for each
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Compilers. Unlike assembly language, the high- level' languages
such as BASIC and FORTRAN used by programnlers a.re made up of
nothing bid macro-instructions: Consequently, for eivry instruction the
programmer writes in such a language, there need's to be a translator
which will produce Dot one but many machine language instructions.
A translator program that makes this one-to-many conversion is called

,a compiler program.
You have probably used compilers in your applications program':

rnng. There are many available. Some are BASIC (Beginner's All-
Purpose Symbolic Instruction Code), FORTRAN (FORmula TRANs-
jation), COBOL (COmmon Business Oriented Language), and
ALGOL (ALGOrithmic Language). As the names imply, each of these

.languagei was designed to be useful in solving a particular type of
problem, and may even. be useless in other types of problems. BASI-tr,
for instance, was intended to be a simple language for beginning pro-
grammersgrammers to learn and use. Consequently, it is not as sophisticated in
formatting_ input and output- for reports -as, say, COBOL. While_

COBOL was designed for business applications, it is ndt the best lan-
guage to use for mathematical or scientific calculations. 'FORTRAN
and ALGOL are better languages to use for applications bf that type.

These languages-and others like them are often called procedure-
oriented languages. Each one is oriented for use in a particular field

. beginning pretraniming, business, science, etc.
It is importan to understand that these high-level-languages exist

independently of any particular machine. That is, the words, symbols
and rules used in the FORTRAN language are essentially.the same no
matter what computer you are using. The FORTRAN compiler, how-
ever the actual translator programwill be different for each ma-
chine, because each machine has a different machine language.

Similarly, an "assembly language" is a standard set of -words and
symbols, with rules for putting them together. An "assembler" is the

230.
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.
translator program that converts those words and symbols into numeric
machine language. . .

Now check yOur understanding.

Check your understanding
1.. Two kinds of software which systems programmers develop

are translators and operating systems. Translators aid the
programmer, while operating systems

a. are used to make programming easier.
b. make the operation of the computer most efficient.
c. are written guidelines for operating the computer.

' d. are the systems, used by the engineers to build the corn-,puter.

2. The programming language most frequently used by systems,programmers is

a. machine language.
b. assembly language.
c. higthleveI languages like BASIC and FORTRAN.
d. macro - instruction languages.

3. An assembler is a software program which translates

a. from a high-level language like FORTRAN into machine
language. :.

b. from machine- language into assembly language.
c. from assembly langbage into a high-level language.
d..,from assembly- language into machine langOage.

4. Which of the'following is true of both machine language and
assembly language?

, ,
a. They ; differ from computer to computer.
b. They are the same from computer to computer.
.c. They are standard problem-oriented languages.
d. They are created by systems programmers.

5. A macro-instruction is

a. one instruction which must be translated into two or more
machine language instructions.
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b. several instructions together which must be translated into
one machine - language instruction.

1..-Oz'Onvinstruction in any language which is used very often.
d. one instruction in any language which can be used to mean

many different things.

6. A compiler is a translator program which

a. converts assembly language into machine language. ,
11. converts problem-oriented languages into machine ,lan-

guage.
c. translates machine language into BASIC.
a. translates assembly languages into high-level languages.

7. Which of the following is not true about problem-oriented
languages?

a. They include BASIC and COBOL.
b. They are made up of macro- instructions.
c. They are translated by compilirs.
d. Tliey are designed for use on one particular model of com-

puter.

The operating system

An operating system is a collection of programs designed to in- -
crease the productivity of the computer. Its individual programs auto-
-mate much of the preparing, loading, and execution of applications
programs on the computer equipment.

Because the operating system controls and coordinates so much of
the computer system's operation, it usually frees the,computer operator
from any need to intervene during a run. This means that! when an
operating system is available, the computer Operator cart usually use the
time during one run to set up the equipment for the next runs In this
way, several jobs can often be run in an uninterrupted sequence, under
the control of the operAing system.

The kinds of software programs used in operating systems vary
from System to system, but the ones most often found are

A supervisor program ( often called the "monitor" or "execu-
tive ")
Input/output control programs ( or routines)
Utility programs (or routines)

232,
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,tot
These are fundamental programs in an operating system, although

different systenis may call them by different names. Since a complete
operating system may include seVeral programs in addition to these,
when you have a chance to work on a real computer system, you should
read the manuals that accompany that system carefully. The manuals
should give you complete descriptions of the software in the system.

As is true for all computer software, the programs in the operating
system are developed by the manufacturer's systems programmers. But,
the user's syStems programmer needs to be thoioughly ffuniliar with -the
programs, Then he or she can use (and train the user's applications
programmer to use) and adapt the system to work more efficiently for
the users particular purposes.

Now let's look at the fundamental kinds of prograths in the operat-
ing system to see just what each one does to increase the efficiency and
ease of operation for both the computer and the computer operator.

The supervisor. The supervisor progrdm or routine is the most
important and complex of all programs in the operating system. It sets
up, monitors, and controls the operation of other programs. While most
software.is placed in auxiliaik storage (disk or drum) until needed, the

sc

supervisor routine usually is lbaded into the computer each morning
and remains in main storage throughout the day's operation. It orga-
nizes and supervises the running of all other programs in the operating
system.

A basic supervisor routine controls the execution of a program by
death he storage area (placing zeros o blanks in work areas), then
loading theprogram into stor e.

Once the program is run other, programs m the operating
system take care of the.flow of operation. When errors are,encountered
during processingfor example, when a program exceeds the available
storage capacitycontrol is once again transferred to the supervisor
routine which takes corrective action or halts execution. .

An important part of the supervisor'prOgram is the "job control"
routine. This routine controls the execution of a series of programs
sequentially with a minimum of operator intervention. To do this, the
operating system requires initial instructions. The programmer tistial4
has these instructions punched on cards and gives them to the computer
operator for the run. These cards are called the fob control cards. The
instructions on the, job control cards indicate what programs and sub-
routines in the operating system are to be used, which translator is
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required, the type and format of data, and which input: output devices
will be used.

The supervisor routine starts and stops the execution of each pro-
gram and performs many functions otherwise done by the operator, but
it does them faster and more accurately. Where operator intervention is

'required, the supervisor will print out operator instructions on the
console typewriter.

In some more complex, modern computer systems, the central
processor 4s a multiprocessor. -That is, it has more than one arithmetic-
logical unit. This means that several programs can be run simultane-
ously. Of course, the supervisor routine and its job control programs
must be even more sophisticated to schedule and monitor the execution
of more than one program at once.

Ii other systems, a technique called multiprogramming is used
where there is only one arithmetic-logical unit, 'but several programs
are in the computer at one time. The supervisor routine divides the
computing time among the different programs,, transferring control
from one to another to process them all at the same time.° Again, a
sophisticated supervisor routine is required to schedule and control the
simultaneous execution of the programs.

As an example of multiprogramming, a program to read and print
cards may be run at the same time as a program to sort records on
magnetic tapes. The supervisor routine initiates the instruction to _"read
a card" for the first program, then may transfer control to the sort pro-
gram. When a signal indicafes that the card has been read, the second
program would be interrupted and control returned to the read-print
program for the next stepthat of moving the- data into position for
printing. Since the read-print program can proceed no faster than 'the

, reader and printer can. operate, the central processing unit (CPU)
woad be idle much of the time if the super% isor routine did not use this
idle time to run another program.

Input/output' control programs. The control of "input and output
(I /O) operations requires a separate set of programs because these
operations are mechanical functions performed by mechanical devices.
If the speedy electronic central processor had to stop and wait during
each I/O operation, its efficiency would be greatly reduced.

° Notice that multiprogramming refers to the way the computer works with pro-
grams rather than to a programming technique.
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If data were read directly into the CPU, or directly out, the fast
CPU would be tied up as the slow mechanical reader or printer op-
erated. However, most computers now use electronic buffers to cut
down this delay. When data is read from an input device, it goes into an
input buffer, where it is held until the CPU is ready for it. Then it is'
transferred from the buffer to the CPU to the output buffer. It is output
from the buffer when the output devicgig:ready:

The scheduling and overlapping of these buffered I/O operations
are complicated and must be controlled by the input/output control
programs, part of the operating systerri.

These control programs also handle such operations as detecting
I/O errors, switching to an alternate tape drive at the end of a reel, and
searching for the proper items to be input from a reel of tape, a disk, or
a drum.

Utility programs. Utility programs aid in the production work of
computer center by servicing jobs which recur frequently. While the
specific utility programs available will differ from one system to
another, a fairly complete set would'include the following:

CZ,

A progfam loader

Programs to transfer data from one medium to another ( card-
to-tape, tape:to-card, card-to-disk, disk-to-card, tape-to-printer,
disk-to-printer, etc.)

"Diagnostics" or test routines to help identify and correct
machine failures or program' errors ,

Special programs to protect permanent files, sort and merge
data, duplicate tapes or disks onto new tapes or disks, and per-
form "memory dumps" ( output the entire contents of main
storage on the printer)

The program loader is used to enter new programs into storage.
Even the programs in the operating system must be initially introduced
into storage by the loader.

A program is stored in memory in the same way as data. It is read
in, probably from punched cards or tape. The program loader supervises
the reading in and allocates storage locations for each program instruc-
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tion read in. Finally it transfers control to the first instruction of the
program jusrloaded, so the program can be executed .

You may be asking, "But-116W does the loa,der itself get into stor-
age?" It's a good question.

&brand new computer, with a completely blank memory, mutt
have thes-loader stored by hand. This is a tedious process, since th6,
operator muststore each single instruction of the loader by hand, ac-
cessing main storage directly through the switches on the console
control panel.

To save time, a shorter,more primitive loader called the "boot:
strap loader" is usually- stored by hand. Then the bootstrap loader is
used to automatically read in (or "load"_} the- official program loader,
which is considerably longer. Once the program loader is stoked, it is
used to load all the programs.

Transferring data from one medium to another, is often necessary.
It must be controlled by special programs such as a card-to-tape pro-
gram, tape:to-printer program and the like. Likewise, there are special
programs for duplicating tapes or disks onto new tapes or disks.

Diagnostics or test routines may function automatically to check
for machine or program error during operation of programs. They also
may be called into action when there appears to,be a malfunction in a
program. If a programmer wishes to use.a test routine designed to help
locate a program error, she or he would probably call for a "trace" dr a
"dum "p.

A trace routine will print the results as each step of the program is
executed. This allows the programmer to closely observe the operation
of the program. ,

A dump routine, often called a "memory dump" or "memory
print," will print the contents of each storage location at any specified
check point in a program. Programmers can also specify the boundaries °
of the storage area they wish to examine:.

Special programs take care of frequently performed operations,
such ascopying all files from, tape or disk at intervals as a protection
against accidental erasure or loss of important data.

Another frequently used utility program found in most systems is a
sort-merge routine. It should be able to sort either numeric or alpha-
numeric records into ascending or descending order, merge one set of
records with another set of records, adia and delete data, and provide
for input and output on various media.
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Ev Check y standing
1. An operating syste

a. allows several jobs to. e run in an LThintez ted sequence.
b. 'eaves the computer openVor from muctrta u 'nterven-

, tion during computer operation.
c. is one very large program.

,d. includes as one of its programs a "supervisor."
e. is a collection of programs.

2. A supervisor

a. monitors and dontrols the operation of all other programs
in the operating system.

b. takes over when 'errors are encountered in processing.
c. starts and-stops the execution of each program.

td. is often called a monitor or executive.
e. all of the above.

3. What is the main functibn of the input-output control pro-
grams?

a. To mount and dismbunt lapel, disks, and tirumso sort
cards, and so forth

b. To replace the electronic input and output buffers
c. To control the execution of two or more programs, ans-

ferring control from one to another
d. To schedule input-output operations, detect I/O errors, at4,

search out input items from auxiliary storage media

4. Which of the following could be included in a typical set of \
utility pfograms?

a. A FORTRAN compiler
b. An I/O control prdgram
c. Programs to sort and merge data, duplicate tapes or disks,

etc.
d. A program'Ioader
e. Applications programs
f. Test routines -\

g. Programs to transfer data from one medium to another
h. An executive, program
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5. Which of the following best describes the program loader?

a. An inpid-output device designed especially for feeding pro-
arams_into the _computer

b. The switches on the computer's control panel laich are
used to load programs directly into main storage

c. A program which supervises the reading in and storage of
programs and which transfers control to the program's first
instruction

d. A computer operator who specializes in .loading programs
into computers by hand

SYSTEMS PROGRAMMING

Introduction

The techniques and tools used in the work of the systems pro-
grammer are the ones common to all programming work., They include
the use of various special programming languages, diagrams and flow..
charts, nd debugging and dOcumentation techniques. As you Will see
from the iscussion below, however, the way systems programmers use
these techm ues differs somewhat from the was, they are used by ap-
plications prog mmers.

`. Programming languages

One of the programming anguages used most often by systems -
programmers is machine language, vhich, as you know, is particular for

- each model of computer. Once on they b, systems programmers natu-
rally become expert specifically in those ma hive languages used by the
particular computers they deal with.

You will remember that, of all programming languages, machine
language is the most tedious and time consuming to use. The pro-
grammer must translate ,every instruction to the numeric code of that
particular computer before loading the program. ConseqUently, as-
semblers kr computers are usually the first part of software developed.
From then on, both the manufacturer's and the user's systems program-
mers can use assembly language.

2,38,,
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Assembly language is also individual to each computer mode).
While the machine language is devised by the engineers of the corn-
puter, however, the manufacturer's systems programmer may create the
special code of the assembly language for the computer he or she is
developing software for.

You may-lioridelifr g;--"Why-don't-they-.--,
TRAN? The reason is, system software must be as efficient as pOssible
in the amount Of storage space it requires and must run in the fastest
pOssible time. Writing a program in a high -level language like FOR-
TRAN, which must be compiled, reduces the efficiency of the translated
machine language versions-

Systems programmers are so familiar with the characteristics of
each machine operation, the timing of each operation, and the most
efficient combination of operations, that they can make the softWare
much more compact and speedy by writing it in machine or assembly
language.

Systems programmers must neverthelegs be thoroughly familiar
with the commonly used high-level languages (BASIC, FORTRAN,
COBOL, etc.). This is so they will be-able to design the high-level
language compilers most frequently required in the software package.

Flowcharting techniques

You will recall some of the typical flowcharting symbols used 1,5,
programmeis, as shown in Fig. 5-27.

Since systems programmers usually deal with very complex pro-
grams, they draw a macro-flowchart first, showing the main steps and
parts of the program. Then they may draw more detailed flowcharts,

(Terminal
(Start or Stop)

r.

Processing

/Input/Output

Printed Output

239

Fig. 5-27 Flowcharting
symbols
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progressively .breaking down the problem into, smaller and smaller
steps. Finally, they will draw a micro-flowchart that the systems pro-
grammer uses as a guide in writing the program in machine or assembly
language.

To see the difference between a macro-flowchart and a more de-
tailed flowchart, examine the example shown in Fig. 5-28. In this figure,
a macro-flowchart is shown for a program that computes grade point
averages: Then in Fig. 5-29, one step in the macro - flowchart is broken
down. into a detail flowchart.

A still finer level of detail could be achieved by taking one step
from the detailed flowchart in Fig. 5-29, and breaking it down into a
micro-flowchart, showing every single step required for the computer
to add all of the stored products.

ADD ALL
OF STORED
PRODUCTS

Although ystems programmers would probably not, develop pro-
grains to 'compute grade point averages, they would use/he same tech-
niques illustrated in Fig. 5-28 and Fig. 5-29 to draw macro- and micro-

. flowcharts.

Debugging the program

You will recall that a programmer, once the program has been
completea, must test and debug that program before it can be used.

When an applications programmer fs testing and debugging, this
procedure is often followed:

1. Enter the programwhich is then compiled.
2. Receive a list of "error message's,"
3. Run a special debugging program which gives a printout (or

"dump") of the contents of storage and traces the execution of
the program to help locate "bugs."

4. Take the error messages, storage dump, and trace to his or her
desk to search for the bugs.

?4o I
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START INPUT (A)

COMPUTE EACH
STUDENT'S

GRADE'POINT
AVERAGE (GPA)

SORT ALL
STUDENTS' NAMES
ALPHABETICALLY-

PRINT (8)

EXAMINE GPA OF
1ST STUDENT IN
STUDENT LIST

(A) STUDENT NAMES
WITH LETTER GRADES
FOR EACH COURSE

4--

(B) ALPHABETIZED LIST OF
ALL STUDENTS:
LAST NAME, FIRST NAME, GPA

IS GPA
GREATER THAN
OR EQUAL TO

3.50?

NO
IS

GPA LESS
THAN
1.00?

YES YES

EXAMINE NEXT
GPA IN

STUDENT LIST

WAS THIS
THE LAST NAME
IN THE STUDENT

LIST?

YES

( STOP

PRINT (C)

PRINT (D)

(C) HONOR ROLL LIST

(D) FAILURE LIST

Fig. 5-28 Macro-flowchart of G. P. A. program
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COMPUTE EACH
STUDENT'S

GRADE POINT
AVERAGE (GPA)

'14

YES
41.

NO

MULTIPLY
NUMBER OF
A'S BY 4.00
AND STORE

DOES
STUDENT HAVE

ANY BS?

NO

YES

DOES
STUDENT HAVE

ANY C'S?

NO

YES

MULTIPLY
NUMBER OF
B'S BY 3.00

AND STORE

MULTIPLY
NUMBER OF
C'S BY 2.00
AND STORE

DOES
STUDENT HAVE

ANY D'S?

NO

MULTIPLY
YES NUMBER OF

D'S BY 1.00
AND.STORE

ADD ALL
OF STORED
PRODUCTS

DIVIDE BY
TOTAL NUMBER

OF GRADES
RECEIVED

STORE GPA
YIITH STUDENTS

NAME

Fig. 5-29 Detail( flowchart of one step from the
G. P. A. program macrollowchart
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5. Examine both the macro- and mkro-flowcharts for errors in
logic, and use the error Messages dump, and trace to; help
track down errors.

6. Correct all the errors found and then re-enter the program and
compile it..

7. Continue this procedure' until the program compiles and runs
correctly.

A systems programmer debugs programs using a somewhat differ-
ent debugging technique. For one thing, the automatic debugging,aids
( error 'messages, storage dumps, traces, etc.) are usually not available
during the development of batic software. For another, the system_ s
programmer is probably programming in a low-level language.

Consequently, systems programmers use a debugging procedure,
ollowing this general outline: . e

'1. Load the machine or assembly language program. (In the case
of assembly language programs, use the assembler to translate
it into machine language. )

2. Execute the program. If it does not run correctly, proceed to
steps 3 and 4 below.

3. Execute the program one step at a time, using the control
panel to follow the Program execution and to pinpoint errors
as they occur. .

4. Correct errors, repeating step'3 until the complete program
runs correctly.

As you can see, for the applications programmer, debuggifig is
more of a desk exercise and bugs are more easily found. The systems
programmer is more likely to do the debugging directly on the coni--
fniter. It is likely to take more time to detect and to correct errors in
programs of the systems programmer.

Check your understanding
1. Assemblers are usually the first software developed for a com-

puter because .

a. machind'language is tedious, time-consuming, and com-
plicated.
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b. assembly language is easier to use than machine language.
c. assembly language is more commonly used than a high-

level langbage for software development.
d. all of the above.

2. High-level languages like.FORTRAN, COBOL, BASIC, etc., are
seldom used for development of system software because'

a. they are difficult to use.
b. systqm software must be very efficient in using storage

spaci,and running time.
. c. systems programmers do not know how to program in hig h-

level languages.
d. the tiniing of each:operation is off.

3. Which of the following flowcharts is the easiest one to read?

a. Macro-flowchart
, b: Micro-flowchart
c: Systems flowchart
d. None of the above

. Which of the.following flowcharts would be the easiest.to use
as a buide in writing.an assembly language program?

a. ,Macro-flor.Thart
b. Micro-flowchart
c. Systems flowchart
d. None of the above

15. For which of the following_ kind of programmer is debugging
his or her prOgrams usually more difficult?

a. Applications programmer
b. Systems programmer
c. FORTRAN programmer

O. Since automatic debugging aids are not usually available dur-
ing the debugging of basic software, the systems programmer
usually uses which of the following to pinpoint errors during
the debugging process?

a. The computer control/panel
b. Error messages listed by the computer
c. The "dump" printout
d. Both b and c above

4
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DOCUMENTATION
OF SOFTWARE COMPONENTS

The manufacturers' systems programmers are usually responsible for
providing two kinds of documentation for the software components
they develop. One kind is a complete set of flowcharts, diagrams, and
specification ta, les, accompanied by a complete listing of the programs.
These constitute the basic documentation of the software.

The second kind is a complete textual description of the software
components including illustrative flowchaits and diagrams and full ex-
planations of how each element of the component works and how it can
be used.

Basic documentation

The basic documentation of a system is usually quite standard,
including

all logic diagrams and macro- and micro-flowcharts which de-
tail the component
allqpecification tables giving the needed code translations,
storage locations, and language and programming keys
a Complete computer listing of all the programs in the com-
ponent. I

The diagrams, flOwcharts, and tables are ordinarily polished ver-
sions of the working charts and tables the systems programmer-used-
while developing the component. Since the program listings used in the
basic documentation are printed out by the computer itself, you can see
that basic documentation is not difficult for the systems programmer to
prepare.

Reference manual

The secondsecond kind of documentation which provides descriptive
accounts of the system generally takes the form of a complete reference
manual for the component. It is thi's documentation which most often
serves as the reference material for users of the, software.
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The techniques used by systems programmers to write their refer-
ence manuals differ widely. Since the purpose of the manuals is always
to show or explain clearly what the software does and how to use it,
there are several features which are characteristic of moterence
manuals.

A preface or introduction to the component is usually pro-
;ictecl, along with a table of contents to make the manual easy
to use: -
The fir4 part of the manual usually presents a description of
the software components as a whole. It explains how the par-
ticular computer system operates with the components.
The central portion of the manual usually presents the com-
ponents of the software in logical order. Each program is
introduced with a clear description of its purposes, capabilities,
and singularities. Specifications for using the programs are
nearly always provided.
A complete reference manual will usually include a separate
section on the special programming techniques either neces-
sary or useful when programming witli-the,system..
Finally, a section is normally devoted"to aa,;(1tscription and
discussion of the various stibroutines and programs in the Sys-
tem's library. .

As a last aid to the user, appendices are often added. giving any
tables or listings which would be especially' usefid to the user,
such as tables showing all 'error messages the ystem is de-
signed to produce and what they mean and/or listings of pro-
grams.

Obviously, the production of this kind of documeniation requires
quite a bit of special work on the part of the- manufaciurers'-systerns
progra mers. However, since they have developed the oftware being
documen and know it thoroughly, the writing of this reference
material usually involves just logical organization- of t he information
and clear writing. The more effective the Organization and writing are,
of course, the more useful the manual will be as a user's reference guide.

Clearly, the documentation techniques described above are used
primarily by the manufacturer's systems_ programmers who develop the

_-"; oftware packages and the documentation to go along with it. The
t sees systems programmers generally only need to understand these
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documentation materials so that they can effectively use the soft w are
and train the user's application programmers to use them.

It often happens, however, that the user's systems programmer has
occasion to adapt or change some part of the software to fit the specific
needs of her or his own company. In all such cases, of course, the user's
systems programmer will naturally produce basic documentatiOn for
the changes. A description and guide to the adapted program or pro-
grams for use by the applications programmers in the company may
also be written.

co '

Check your understanding
-1. Basic documentation is which of the following?

a. A user's reference manual
b. An engineering report
c. The user's first printouts from the system
d. None of the above

2. The production of basic documentation differs from the pro-
duction of reference manuals in which one of the following
ways?

a. It involves much more writing of descriptions and organiza-
tion of materials.

b. It is usually easier and more automatic since most of the
materials have already been produced in some form during
the programming process.

c. Since it is used only by the systems programmer who de-
veloped the software, it can be in rough and incomplete
form.

d. None of the above are true.

3. The reference manuals produced by systems programmers
usually contain

a. only flowcharts, program listings, and reference tables for
programmers.
complete descriptions ancrguide materials to each com-
ponent in the softiivare systerh:

c. dump printouts.
d. none of the above,
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4. Which of the follOwing would be considered the most useful in
learning how to use a new softWare system?

a. Basic documentation
b. Engineer specifications
c. Computer runs
d. Reference manuals

THE SYSTEMS PROGRAMMER
AT WORK

To gain a better understanding of the job, let's take a look at a systems
programmer as he might function on a typical day. First, we visit him
in the laboratory of the manufacturer.

The manufacturer's
systems programmer

Mark Peetz is a systems progr( ammer. For three years he has
worked for International Computers, Inc. Before that he was a user's
systems programmer in the computer center at the state unitersity,
where he worked while he was attending college and for an additional
two years after graduation.

About two years after Mark came to ICI, he was called in by his
supervisor, Katherine Raymond. The Market Research Manager, Ken
Rowlins, was with her. Together, they told Mark about a new line of
ICI computers to be developed, which they said would be called the
Galaxy series. iqr had done a market survey, and Galaxy was the result.
There would be foul models in the series, to be called Galaxy One (the
smallest), Galaxy Two, Galaxy Three, and Galaxy Four ( the largest).

ICI was the fourth largest' manufacturer in the computer world,
with 8% of the market. The number one manufacturer, with 65% of
the market, had recently announced that they were producing a new
line of computers called the 500 series (Model 500/10, 500/20, and
500/30).

MI had decided to compete vigorously with the 500 series by
-designing the new Galaxy line of hardware and software.

2 4 8
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ICI's recent market survey showed that users who presently had
the number one company's computers were disappointed in the soft-
ware provided. If the Galaxy series included software superior to the
500 series, it should be able to win Nstomers away from the number
one company.

Thus, Mark was told, a gigantic advertising campaign was being
launched by ICI. The slogan was "ICI has User-Oriented Software on
its new Galaxy series."

This "user-oriented" software was to be developed by a team of
systems programmersand Mark's supervisor' was in charge of that
team.

For the first six months, -while the engineers completed the hard-
ware design and built prototype models, the programmers did their own
preliminary work. Since a pal titular type of user had been identified as
the "target market," the programmers learned all They could about the
software needs of those users.

As it developed, most of the users preferred to program in the
COBOL language most of the time, but often needed to use FORTRAN.
The Galaxy Four was to have the additional capability of time-sharing,
and the BASIC language was needed for that.

All of the programmers studied the flowcharts and diagrams that
detailed the electronic logic of the Galaxy series. They learned to write
programs in machine languagethe numeric code unique to the Galaxy
computers.

Meanwhile, the senior systems programmers, including Mark,
specified exactly what programs would be .developed and assigned the
programming tasks. It was decie.ed that the Galaxy series computers
would be delivered to customers equipped with the following:

An assembler 9

A COBOL compiler
A FORTRAN compiler
An operating system, including a supervisor, I '0 control pro-
grams, and utility programs

In addition to the above, the Galaxy Four model would have

A BASIC compiler
A time-sharing supervisor
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The first task was to write the assembler, so that all other software
could be written in assembly language rather than Machine language.
The assembler would have to have several parts and seyerarprogram-
mers would he assigned to create these parts. Mark was assigned to
Create the translator part of the assembler, the simplest part, himself.

Developing an assembler. Let's look briefly at some of the steps
Mark would have taken to create part of the Translator. Then you will
have some idea of what goes into jest the simplest part of the assembler.

This translator part of the assembler is the one primarily respon-
sible for converting all operations from assembly language into the
particular machine language code the computer is wired for. In order
to develop this translator for Galaxy One, then, Mark would first need
to know exactly what operations the computer is designed to perforni
and what the machine language code for each of these operations is. 4
list of operati6ns and operation codes would be provided by the engi-
neers who designed Galaxy One. Here's an example ctf part of the list
Mark might have received.

As you already know, assembly languages are made up of abbrevi-
ated words which are much easier than code numbers for programmers

Fig. 5-30 Galaxy One operations

GALAXY ONE OPERATIONS

"m" stands for."a memory cell"
"AR" stands for "Accumulator Register"

Machine Language
Operation Operation Code

Add contents of m to AR 08
Subtract contents of m from AR $9
Load AR with contents of ni 14
Store contents of AR with contents of m 15
Compare contents of AR with contents of m 27
Branch to m if comparison is unequal 63
Branch to m 62
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GALAXY ONE ASSEMBLY LANGUAGE MNEMONICS

Operation

Add contents of m to AR
Subtract contents of m from AR
Load AR with contents of m
tore contents of AR in m

Compare contents of AR with
contents of m

Branch to m if comparisqn
is unequal

Branch to m

Mnemonic Code Operation Code

ADD 08
SUB 09
LDA 14
STOR 15
COMP 27

BRU 62

, BR 62

Fig. 5-31 Galaxy One assembly language mnemonics -

to remember and use. The abbreviations used in assembly languages
are usually called "mnemonic" codes. That is, they are designed to aid
the memory. A mnemonic code normally has from two to six letters
especially picked so they will remind the user of a whole series of wovls.

For instance, for the first operation, "Add contents of a memory
cell to the Accumulator Register," a good mnemonic code. would be
"ADD." Fig. 5-31 shows the mnemonic codes which Mark might have
invented for the Galaxy One operatic ns shown in Fig. 5-30.

At this point, Mark would have a complete picture of all the opera-
tions Galaxy One could_perform, the assembly language mnemonics to
be used for these operations, and the machine language code corre-
sponding to each mnemonic. So, he would be ready to develop the
"translation flow" to be used in the assembler. To start with, he would
probably draw up a flow diagram something like the one partly shown
in Fig. 5-32.

With this flow diagram showing the large steps clearly, .Mark
would now begin to write the instructions'necessary to do the transla-
tion of the operations.

The "first' draft" of his translation, program might start something
like that shown in Fig. 5-33.

As an exercise, copy and complete on your copy the "flow of trans-
lation" diagram next to the translator program in Fig.-5-32. This Should
help you see clearly the "flow" that has been used in the program.
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Oncelie translator has bec.:ii` completed, Mark would be almost
redly to convert his firogrim into machine language and to load it. But,
first, he vald have to,:iiiign a location in the computer ;to the mne-

7zmonie code's and operation codes used in the program.
Ve.ii the first part of proiram, he would need four_ storage

le/cations for the words (ADD, SUB, LDA, and STOR) Which any
mnemonics being translated must be compared with 1n addition, he. would 'need four locations for storing the operation cpcles (08, 09, _14, _

,

Fig. 5'42 First part of flow
diagram showing transla-
tion of mnemonic codes

Read in next
mnemonic

code

252.

Store op,
code
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--TRANSLATION PROGRAM INSTRUCTIONS

OPiiation Data

Loasl Mnemonic code
Compare with b "ADD"
Branch if unequal to, NEXT 1

Load ,
Branch EXIT --0.

Load Mnemonic code

Compt4 with "SUB"
Br'anch if unequal to NEXT 2
Load

Branch to EXIT

NEXT 2 Load Mnemonic code,
Corhpare with "LDR"

I Branch if unequal to NEXT 3
; Load
I, Branch to EXIT

NEXT 3 Load Mnemonic code

Compare with "STOR"
Branch if unequal to

LoAd

Branth to

NEXT 4

EXIT

NEXT 4 Load

EXIT Store the operation

At'
. code from

accumulator

MnemOnic code

FLOW OF TRANSLATION

41

Fig. 5-33 Beginning of Mack's draft of the program
to translate the mnemonic codes

,and 15) so that, when a mnemonic has been identified with ADD, SUB,
LDA, or STOR, it can be translated into the correct code 08, 09, 14, or
15. Finally, he would need to -assign a location in which to store the
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o

Fig. 5-34 Storage loca-
tions assigned to data in
program

Data Storage Locations

Storage Location' Data
200 Mnemonic code
201 "ADD"
202 "SUB,.

203 "LDA"
204 "STOR"
205
206 "09,,

207 "14"
208

mnemonic to be translated when it is read in, before it is compared
with ADD, SUB, LDA, and/or STOR.

Consequently, Mark would procee&now to make a list of these
mnemonics and operation Codes and to assign them sforage location
numbers. His list for the first part of his program might look like Fig.
5-34. .

At this point, Mark Would have everything he needs to complete
his programming task. He would know all the operations the Galaxy
One could perform, the operation codes for the operations, the assembly
language mnemonics for the operations, and the flow that will be in-
volved in the translation process. In addition, he would have his draft of
his translator program and a list of all storage locatioiis ( addresses)
needed to store,the data in his program.

Now he just needs to decide where he will store the translator
program in the computer's main storage. So, suppose he decided to
store the program beginning in location (address) 100, storing one in-
struction in each consecutive location-100, 101, 102; etc. Then he
would go night on to code his program in machine language so it could
be loaded into the computer.

His first step would be to write out a list of address numbers (from
100 to, say, 120). Then, following his program one instruction at a time
and using one address number for each instruction, he would fill in the
appropriate operation code for each instruction in his program. To do
this for the program shown in Fig. 5-35, he would refer to the list of
operation codes given him in Fig. 5-30 on page 243.
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Operation
Addriss Code

7711ANBIA72t4 MOONAJd 1988719CTIONI3

22150...m

100 14 41. --Lead
101

102 27 1"-------Compare with
103

63
14

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

-14
27
63
14
02

27
63

3 14

. 62 .
14
27
63
14
15
62

Drawls if unclog to

Load

Operation _Location
Address 'Code of Data PROMO

.t

100 14. 200
101 27 201
102 63 105
103 14 205
105 14 119
106 27 200
107 63 202
108 14 110
109 62 206
110 14 119
111 27 200
112 63 203
113, 14 115
114 62 207
115 14 119
116 27 200t 117 , 63 204

t-- 118 14 132
119 15 208
120 62 225

...I. 175

Da

Maantoato code

"ADD"

NUT 1

"01P

255

Fig. 5-35 Converting pro-
gram instructions to ma-
chine language operation
codes

Fig. 5-36 Filling in loca-
tion of data in program
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Next, he would add a column for the location of data and fill in the
location for each item of data operated on iv the program, as shown
in Fig. 5-36.

Once this program is written, it can be loaded into the computer
along with the data ( and locations) shown in Fig. 5-34 which are used
by the program.

Of course, Mark would now have to test and debug this part of the
assembler until it worked perfectly. But, when it did, the rest of the
Galaxy One software would, be programmed in assembly language and
Mark's translator would automatically convert it into the Galaxy One's
own machine language.

Check your understanding
1. Which statement below best .describes the translator part of

the assembler?

a. It is usually the last program to be developed in the soft-
ware package.

b. It is usually the simplest part of the assembler to develop.
c. It is usually developed by engineers and wired into com-

puters.
d. It is usually designed to translate high-level languages.

2. The following statements describe the fundamental steps in-
volved in developing the translator part of an assembler. Copy
the steps in-the logical order in which they would be done.

Diagram the flow of mnemonic codes and their corre-
sponding machine language operation code.
Get a list of machine operations and their corresponbing
machine language codes.
Draft the program for translating mnemonic codes to
machine language.
Decide on the mnemonic codes to be used in the lan-
guage for the machine operations.
Convert the translator program into machine language for
loading into the computer.

3. On page 250, you are given a sample program in An assembly
language, along with lists of the mnemonics (with correspond-
ing machine lAnguage operation codes), and data storage
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locations to be used with the program. With the aid of the two
lists, translate the program into machine language. Copy the
blank machine language program form provided next to the
program information to write out your translation. Notice that
the address locations for the program are to start at 1(10.

SAMPLE MNEMONICS AND OP. CODES

Mnemonics Operator code

LDA 3
STO 4
ADD 1

SUB 2
PRINT ,5

" BR ZERO 8
BRANCH 7
HALT 9

SAMPLE PROGRAM-ASSEMBLY LANGUAGE

Operation Data

LDA ZERO
STO X

COUNT ADD ONE
STO X
PRINT X
SUB NINE
BR ZERO END
LDA X
BRANCH. COUNT

END HALT

SAMPLE DATA STORAGE LOCATIONS

Location Data

200 000
201 001
202 009
203

/

MACHINE LANGUAGE PROGRAM FORM

Address

100

Operation Data

101

102

103

104

105

106

107

108

109

110

111

112

Starting to develop a supervisor. You can see that creating the very
simplest part of the assembler is no simple matter. But, once the whole
assembler was written and tested, Mark's team could concentrate on the
remaining software. So, let's assume this was done on the Galaxy project
and that teams were now assigned to develop the FORTRAN compiler,
the COBOL compiler, and the Operating System.

As team leader,Mark was assigned to develop the supervisor. The
supervisor routine is, as you know, the most complex and important pne
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/
in the Operating System. So that you San get just a beginning idea of
what would go into its creationjet's look at a very small part of a super-
visor thaeark might have developed:-

A supervisor usually contains a number,of subprograms. Each one
of the subprOgrams performs a specific function. One of the typical
functions of a supervisor is to examine an incoming "job" to detect all
job control instructions. .

A.single "job" will usually be entered on punched cards. The first
cards in the deck will be "job control cards" which indicate what parts
of the operating system will be called on, which translators will be used,
and what is to be done. The next cards contain the program, followed
by the data cards.

The card deck for a single job can be visualized as shown below
in Fig. 5-37.

,

Interpreting job control instructions could be taken care of by a
subprogram which'might be called the "job control record analyzer."

The function of this program would be to examine all incoming
data to determine if the data record is a job control card. If it is, then
the analyzer program would guide the computer in determining which
of the available parts of the operating system the card indicates is to be
used. The analyzer would then transfer control to the System Loader

, which would load the desired system or user program and execute it.
. In beginning to work out the sequence involved in such an ana-

lyzer, Mark might have drawn up a diagram like the one in Fig. 5-38.
Once the flow of operations in this job control record analyzer has

been satisfactorily designed, Mark would proceed to write the program
for the analyzer in assembly language. Although the diagram of the
analyzer in Fig. 5-38 seems only a little complicated, the actual pro-

,*

Fig. 5-37 -The cards in a
single "job"
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All
START

Determine which
translator is to be

used (BASIC, COBOL,
Assembler, etc.)

A
job control

card

c

Load requested?
translator

Specify .
execution of
user program

TranSlett).

Specify
other routine Load other

routine

Load user
program

End
of run

Execute
user program

n

Yes

(RETURN CONTROL
TO SUPERVISOR

Fig. 5-38 Diagram showing flow for a job control
record dnalyzer
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.
grammmg would be extremely complex. In fact, the program for this
quite simple analyzer could easily involve upwards of 1,000 instructions.

, Since in this manual you are only learning about the "elements" of
systems programming, we will not need to go into the details of 'the
program Mark might have written for the analyzer. But, from a careful
stud, of the diagram in Fig. 5-38, you should have a good understand-
ing of the fundamentals of this small portion of the supervisor.

-----Check----your understanding
1. A supervisor

a. is a job control language.
b. contains several subprograms.

o c. loads the system.
d. is a translator.

2. Job control cards

a. tell what parts df the operating system will be used.
`b. come before the progrgrn end data in a job deck.
c. must be read and interpreted by a special subprogram.
d. all of the above.

3. , According to the diagram shown in Fig. 5,38on page 252 if an
incoming job control card does not specify a translator,
a: the user program is already in machine language and ready

for direct execution. ,

b. a routine othor than a user 'program is to be joaded.
c. either one of the above is true.
d. neither one °tithe above is true.

4. According to the diagram in Fig. 5-38, the job control record
analyzer will return control td the supervisor when

a. the card being read specifies that a FORTRAN or COBOL
compiler is to be used. .

b. a translator needs to be loaded.
c. a card should be a job control card but isn't.
d. the end of the run is reached.

Finishing the Softumke_package. The team of systems program-
mers would, of course, go on to finish the rest of the software for,
Galaxy One, Two, and Three, including all the I/O programs and
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utility routines. Then, the BASIC compiler and the time-sharinr super-
visor for Galaxy Four would be developed. The development of each
component of the software would naturally involve its own special
problems and complexities. The techniques used in the previous exam-
ples would, however. continue to be used as basic tools in developing
the system.

Of course, each systems programmer must proceed to test and
debug the parts of the software which he or she was responsible for
developing. Before the software package is entirely finished, however,
it mustt all be put together and tested as a complete package. Thk.s.ys-
terns ti?ogrammers will not have finished the developmental part of
their job until the entire software system has been tested, debugged,
and made to run perfectly in all its phases.

When the software ;.as been completed, the .ystems programmers
must then turn their attention to documenting their work. They now'
produce both the basic documentation and the complete reference
materials for their software components:

Finally, when the reference manuals are ready for use and the
Galaxy series of computers has been thoroughly tested and launched,
Mark and some of the other systems programmers on his team would
probably be available to teach the manufacturer's trainers about the
new software. It would then be the responsibility of the trainers to
conduct the training sessions for the users of the new Galaxy computers.

Development of a software package often takes years of program-
ming, testing, and revising. Indeed, once the original package is offi-
cially issued and customers begin to use it extensively, needed changes
always become apparent. Usually, many revisions follow the original
issue. The user's systems programmer would be responsible for seeing
that the revisions issued by the manufacturer's systems programmer
were put into operation on the user's computer system.

Now let's take a look at a day in the life of a user's systems pro-
grammer. But first; check your understanding.

Check your understanding

Following are the basic steps involved in the creation of a software
system. Copy the steps in the order in which they usually take
place.
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Test and debug the software system as a working whole.
Dbcument the components of the system.
Test and debug the individual components of the software
system.
Create the several parts of the operating system and all re-

'7-guired compilers.'squired
exactly what programs are to be developed for the

. software package.
Teach trainers about the software system, so they can con-
duct training-sessions for users.

The user's systems programmer

The typical activities of a user's systems programmer are quite
different-from-those of the systems programmers working for a com-
puter manufacturer. To give.-yOuta picture of how the user's systems
programmeis often spend tlieir time, let's go through an average day
with a hypothetical systems programmer, Jack Humphreys.

As you will see, the activities described are much more varied
than those of the manufacturer's systems programmer. In the typical
day outl ined here, the variety and diversity of the work are emphasized.
For each of the many problems jack is confronted with, only the gen-
eral steps involved in their solution will be described.

Assume that Jack is the-lead systems programmer at South State
University's ComputerCenter, where a new ICI Galaxy Four com-
puter has recently been installed. The typical day we will follow is a
'Monday in fl e fall of the year.

Jack arrived for work a little tired. The night computer operator
had called htin at midnight the night before to report a "system crash"
the operating system was not working properly. Jack had spent an
hour at the computer center'fluding and correcting the problem, which
turned out to be fairly simple. The problem was that a program was
compiled that used too many symbols in each line of instructions and
the compiler's symbol table overflowed. Jack fixed the program by
reducing the number of symbols used, and the compiler was read into
core again from its disk, so tgat therun could be made.

Jack realized that this "crash" was due to the fact that the com-
piler did not have an instruction to check for its table being full. Al-
though he knew the system well enough to have often made minor
changes in the software himself, the changes needed in this case would
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be so complex that he decided be would NA, rite the manufacturer's field
office sometime early this week and ask for a revised compiler.

When jack arrived at his office this Monday morning, one of the,
center's three applications programmers was waiting for him. The pro-
grammer recently visited a university computer center in,another state
and learned of an interesting new programming language called
"CANADA." She came home with documentation and specifications
for the language and wanted Jack to determine'how much trouble and
cost-would be rewired to implement CANADA on their Galaxy Four.
Jack promised her an answer as soon as possible and b,egan to-study the
documentation.

To decide, about the feasibility and cost of implementing
CANADA, Jack would first have to determine the level of CANADA
as a language and its similarity to existing Galaxy languages. On the
basis of these determinations he could decide whether implementation
would involve the development of a special compiler or whether he
could get by with developing a translator to convert CANADA-to
another Galaxy language. If both, of these alternatives would be too
expensive and difficult to implement,.he would decide if he could
develop a simulator for use with the CANADA language. Such a simu-
lator would be far less efficient in using CANADA, but it would allow
the language to be used in the Galaxy Four computer. Once he decided
which alternative would be the most feasible, Jack could estimate the
cost and time involved in the implementation. -

Susan Kelley, the Manager of the Computer Center, soon stopped
in to give Jack another job. Until now, the Computer Center had been
charging all campus users by the amount of core storage they used
and the time used. Starting the first of the following month, Susan
wanted the center to begin charging according to both time and priority
higher cost for higher priority. A student or professor at a terminal
could request a high priority if the job had to be run immediately and
pay accordingly; on the other hand, the student or professor could
request a low priority at lower cost and wait awhile for output. Susan
asked jack to build priorities into the operating system so appropriate
,charges could be made and recorded automatically by the computer
every time someone used it. She gave him a set of specifications de-
tailing the new time and I '0 charges and the new priority factors to
be used.

Jack agreed to have the charging system ready to run by the first
of the month. He knew it would *.ake several clays to implement and
test the new charging system, because it would in oh e modifying the
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present job scheduling program as well as the present charging pro-
gram. The scheduling program would have to be changed to include
the priority factors, which he knew would be fairly easy to do with the
scheduler now used. Changing the charging program in. this case
would also be fairly simple because he calculated that he v. Duld only
need to add a short subroutine to the program.

Jack set aside the folder of information Susan had brought and
went back to work on the CANADA language problem. In a short time,
the phone rang. It was a graduate student, a user of the Galaxy Four.
He had sent some data into the computer center to be processed using
a standard program in the Galaxy Four "Library." The cards had been
returned with error messages the computer had printed out. One of
the error messages was "program not. found." Since the student had
used the program many times before with the same control cards, Jack
suspected problem in the Monitor Control Record Analyzer. The
student already had called one of the applications programmers for'
help, but had been referred'to Jack. Jack told him to bring the cards
and error messages to the computer center and he would check the
situation out.

In this case, Jack knew that he would try to rerun the program
from the student card deck and obtain a "core dump" printout. He
would then have to analyze the printout carefully to determine where__
the problem Was in the Analyzer.

Dr. Vati, a profesior in the Education Department, was waiting
to see hi:I/when he finished, the telephone call. Dr. Van had just re-
ceived a,/government grant of $150,000 to install teletypewriter ter-
minals ,in -12 high schools. At the moment, all of the terminals con-
nectedtto the Galaxy Four were ICI 1220's, faster and more expensive
than, teletypewriters. Dr. Van not only wanted the Galaxy Four adapted
for ,teletypewriter access, but he wanted each school to have its own
pOv' ate access code for logging on the computer. Jack agreed to deter-
niine what software changes would be necessary and to order new
'interfaces" from ICI to connect the teletypewriters to the Galaxy
Four. Jack knew the programming and hardware costs would be paid
by the government grant. -

After lunch, the Editor of the "Computer Center Newsletter"
called to get the details of any recent system changes for publication in
the newsletter. This reminded Jack that he had planned to spend the
day revising and updating the South State's computer user's manual.
He wanted to incorporate into the revised manual all of the changes

- and updates reported in the newsletter during the past year. Jack had

".=
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, all the newsletters on his desk ready to use, and he figured he could
probably write up his draft of the revised manual in just a few hours if
he weren't interrupted. So, he closed his office door, set aside the
CANADA problem, and spent the afternoon finishing that job.

He was interrupted only oncewhen Professor Steel called. Pro-
fessor Steel wanted to use her own access code (73226) to log on the
computer, but she wanted to use a program stored by Professor Wickett
under a different access code (62483). Jack immediately got on-line
to the computer from his office terminal and accessed Professor
\Vickett's program to insert*.rofessor Steel's access code.

Jack went back to work on the manual revision and had his draft
finished by 4:00. He gave the draft to his secretary with instructions
to type all the material as soon as possible and return it to him for last
minute corrections.

The afternoon mail arrived at 4:30 P.M., and in it Jack found a
Systems Notice from ICI. It is shown in Fig. 5-39.

Jack went directly to the data preparation room and had a key-
punch operator punch the appropriate cards. He then took the cards
andinstnictions to the computer operator and asked her to load the
cards as soon as the present -run was finished. She was to let him know
if the signal "CO, BOY" did not result.

Jack returned t his office, but before leaving he had three more
tasks to complete:

An applications programmer needed advice on how to get
the FORTRAN compiler to compile his program properly, and ,

To all users of the Galaxy Four Time-Sharing
Operating System:

Instructions X14 through X38 have been found
to be in error. To make the changes:

1. Punch the cards shown on the
attached sheet

2. Load the cards in the appropriate
place in the Systems Change Utility
Monitor

3. If the changes are properly made,
the following message should appear
on the console typewriter:

GO, BOY.
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Fig. 5-39 An example of a
systems notice to computer
users
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what subroutines were available that he might make use of. It
only took a few minutes for Jack to show him how to correct
the problem in his program and to advise him about mostmost
useful subroutines.

, _Another applications programmer brought in a- new program
from another computer center. It would replace three sepaiate
programs now bping used at the University's center. Jack
advised her on what job control cards to use to load the new
program.
Last, Jack had to write a notice for the computer center pro- .

gramming staff, announcing the topic for the weekly training
session: "The Efficient Use ofGalaxy Four Utility Programs."

Check your understanding
1. Compared to the manufacturer's systems programmer, the

user's systems programmer has

a. much less programming to do on the system software.
b. much more variety in his or her work.
c. more short-term tasks to do.
d. all of the above are true.

2. Which of the following describes what the user's systems
programmer usually does when a difficult'"bug" is found in
the systems software?

a. Asks the manufacturer to fix the software
b. Assigns the task Of debugging the software to an applica-

tions programmer on the user's staff
c. Revises the software himself or herself
d. Asks the computer operator to debug the software program

3. Which of the following is typically the responsibility of the
user's systems programmer?

a. Documenting the systems software
b. Teaching trainers about the software
c. Helping applications programmers and computer users

when they have problems with computer runs
d. All of thip above are responsibilities of the user's systems

programmer.

266



;

Nor.tty.-t,-0.00.11r



. \

0

0

Syst,ems
anplysb'

and
design

A

WHAT IS A SYSTEM?
a

You are a part of dozens of systems. Your family is a system. So is your

school. If you have a job, the organization you work for is a system.

Within Systems, there are many "sub" systems. For instance, in your

whole school district ( a system) there may be several school build-

ings, and each building is also a separate system. Within a high-school
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building, for example, there is a social studies department (a_systern. ),
a mathematics department ( a system), and a main administration
office ( a system). The school buses operate as part of a transportation
system.

What, then, is a "system"? You could, probably define it in a
general way yourself. A system is a set of "elements" which lire related
to each other so as to achieve a desired goal. Consider your family as
a system. It consists of a set of elements. The elements include people:
one or two parents, yourself, perhaps some brothers and sisters. What"
other elements? Well . . . family pas, a home to live. in, perhaps a
car, furniture, daily routines for meals and relaxation and chores, vari-
ous duties and responsibilities assigned to each family memberall
the people,.devices,. and' routines that combine to achieve a desired
goal. What is the desired goal of your family?

You have probably never considered it, but your family does have
a goal, or goal's. Perhaps one goal is to raise, healthy, happy children.
Another may be to achieve some level of economic securify. Or per-
haps companionship and love and sharing are major goals. Your family,
then, is a system. It is a'set of elements related so as to achieve a desired
goal.

Can you think of the elements of your school which relate to
achieve a desired goal? Students. Teachers. Librarians. Custodians.
Administrators. Books. Class schedules. Desks, tables, laboratory equip-
ment, films, blackbords, teaching procedures, objectives, workbooks,
manuals, even tests! In othei words, the elements of the system include
people, devices, and educational materials and procedures. The desired
goal, of course, is to educate, enlighten, and prepare studentsdlor a
productive and satisfying life. You are an element of the system (the

t,
most important element), and so is this book you are reading. .

The elements of a computer or data processing system are the pro-
cedures and devices ( hardware), materials in the form of computer
programs and manuals (software), and the people who combine the
hardware and software into a well-organized, logical relatioriship to
produce desired results efficiently and economically. People, devices,
materials, and procedures, as shown in Fig. 4-1, combine to form.a
system.

What, then, is "systems analysis and design"? Actually, "analysis"
is the opposite of "design." To analyze a system, one breaks clown the
system into its separate parts or elements and examines the function
of each element within the total system, looking for weaknesss or areas
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in need of improvement. Systems design then begins to combine or
build the elements into a new whole. You might compare analysis and
design to repairing a bicycle. When you take it apart, tear it down,

___ disassemble_ the bicycle, you analyze the parts and how they relate
to the whole. When you have found the problems, you design a way to
rOssemble the bicycle so it will operate more efficiently.

Do you think you could analyze your school and design a more
efficient system? No doubt you could. Systems are seldom perfect.
Analysis and design could conceivably take place in a never-ending
cycle to constantly improve systems. Because of the cost, however, most

. organizations go through systems analysis and design on a periodic
basis instead. By examining in detail the tasks performed by various

Fig. 6-1 Systems and elements

System Elements

School People: You, librarian, teachers,
system principal

Devices: Bus; desk, laboratory
equipment, tests

Materials: Books, laboratory chemicals,
films, bulletin boards

Procedures: Attendance, homework, club
meetings, lectures, class
discu.,b:or:::, activities

Computer People: Progrananers,'systems
system analysts, data preparation

,:lerks, computer operator

Devices: Central processing unit,
console teletypewriter,
terminals

Materials: Programs, manuals

Procedpres: Debugging, verifying, card
punching, progrnmming
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people and the flow of data into and out of the system, better systems
for achieving the organization's goal can be designed. This kind of
system analysis and design even takes place in families. Probably you
have been involved in rearranging the furniture, reassigning household
Chores, or developing new family rules in order to achieve mutual goals
more effectively or with less strain on family members.

Frequently when an organization undertakes a systems analySis
and design, it investigates the desirability of using a computer to help
achieve some of its goals. Because acquiring a computer might ,require
a subeantial investment, this aspect of the systems analysis is usually
scrutinized very closelyby doing a feasibility study.

Sometimes a thorough feasibility study results in streamlining of
current manual rneth-Nds of processing data, so that a computer is not
needed at all. Other times, the recommendatiori is for the, acquisition
of a computer system or purchasing time on someone else's compipter.
Before making such a recommendation, however, the people doing the
'feasibility study will have looked for ways in which the computer
could help reduce costs, increase profits, and/or project a more favor-
able, progressive image to the public. These benefits must be balanced
against the actual costs of providing the computer services, including
such things as hardware, software, personnel, supplies, and spate. At
the same time, the study team will look for areas in which compuieriza-
thin can improve the operation of the organization. These areas usually
possess one or more of the following elements:

High volume of transactions or inforMation: receipt's, sales
orders, purchase orders, and inventory data are examples of
the large number of different types of information which might
be necessary for only one area.
Repetitive type of transactions: frequent repetition of these
high volume transactions.
Common source documents: a single doctiment is I used for
several purposes. For instance, a sales order might be used for
shipping the item, billing the customer., and crediting the
salesperson for commission.
Mathematical processing: a great deal of computation is re-
qu ired.
Need for quick responses: a report is needed immediately, as
soon as the input data is available. An example of 'this would
be a sales commission statement needed the clay after, a work
week ends.
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As you can see, such a feasibility study is actually a type of systems
analysis, bent on finding out if it would be feasible to install or to
purchase time on a computer.

If the decision is made to computerize, the organization will then
need, probably, the full-time services of one or more 'systems analysts.
This position is one of the key links in the communication chain be-
tween humans and computers. Broadly speaking, the analyst is the
person who analyzes the data piocessing needs of his or her own or-
ganization or of outside clients. Using the elements available, the
systems analyst designs complete systems to fill those needs. Chapter
7, iri its discussion of computer career opportunities, descril es the role'
and responsibilities of the systems analyst in more detail.

Check your understanding
1. A system is a set of (?) which are related so as to (?).
2. Systems analysis

a. separates into individual parts!
b. separates into parts, then recombines into a whole.
c. puts together a lot of pieces to form a whole.
d. relates the parts to achieve a desired goal.

3. Systems design

a. is the design of a system.
b. usually follows systems analysis.
c. disassembles systems.
d. both a and b.
e. both a and c.

4. A feasibility study

a. always results in a recommendation for computerization.
b. is a type of systems analysis.
c. is a type of systems design.
d. is done to determine the feasibility of miring a systems

analyst.

5. A systems analyst

a. analyzes systems.
b. designs systems.
c. analyzes data processing needs.
d. both b and c.
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THE "SYSTEMS APPROACH"

Let's zvstune that you have ( or hope to develop) th logical and
imaginative mind, the talent for communication, and the )rogramming
and computer operation skills that would make you a g«I candidate
for a system analyst's career. How would you go about ma ter- minding
the solution of one of those super-problems?

It might be tempting at first to think of just jumping into the mid-
dle with ideas and, by trial and error, putting together a solution that

. would work. In fact, if the problem were fairly simple and well-defined,
your expertise would probably Make it easy for you to conic up with
some solutions this way. But, remember, the problems -systeirth analysts
are given to solve are usually broad-based and are often presented in
fairly vague terms. Without a systematic approach yogi could jump in,
and never be heard from again.

To steer their way through the many-faceted problems so common
in the work, systems analysts use a procedure called the systems ap-
proach. You probably already know the basic steps in this approach
because they are the classical five steps in scientific problem-solving:

1. Definethe problem.
Q. Gather and analyze data.
3. Develop alternate solutions.
4. Decide on the best solution.
5. Put the decision into effective action.

These basic steps, in fact. can be. used in almost any problem
situation we might run into.

In systems analysis, these steps-awe translated into terms which
suit the kinds of,problems in olved. A h pical systems approach outline
based on these five steps is

1. Define all the output needed to achieve the goals of the sys-
tem. ( This 'is the most essential, and generally the most diffi-
cult, step iit the entire process.)

2. Gather and analyze data to determine both the fixed and the
variable elements of input. ( Fixed elements are the unchang-
ing elements, such as name, age, and social security number.
Variable elements are those elements which might change,
such as salary, grade point average, etc.)

, 1
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3. Develop (design) the system so the variable elements of input
and the process produce the desired output as efficiently as
possible.

4. Test the system and make needed corrections and revisions
on the basis of time, cost, or effort factors. "'

5. Put the siistem into effect by
a. d'ocurn6ting it ( that is, writing detailed procedures for

all input, output, and processes involved), and
b. implementing it.

. Notice how closely the "systems approach" steps parallel the
scientific problem- solving steps listed before.

Latex, we will follow the step-by,step solution of a systems prob-
lem using the systems approach. First, however, let's look more closely
at these steps to see what each one actually involves.

Defining output/input
and analyzing data

--,

Defining the output and input of a system, of course, ,s the most
Critical step in the process. The contents and types of output should
always be determined first. Then the analyst goes on to determine what
elements of input are necessary to produce the output desired.

To determine the contents of both output and input, the analyst
must work very closely with the client. Since the client may not have
an altogether clear or even complete idea 'of needs and options, it is up
to the analyst td analyze the situation carefully enough with the client
that all input are finally accurately defined and the output needs are
correctly and completely assessed. _

For example, the owner of a sm9,11 plastics company might decide
he needs to use data processing to handle his payroll. He ma), however,
have the idea that all he really needs is just a system that will print
out payroll checks.

It would be up to the systems analyst to ask the owner about all
the other possible outputs which might be useful or necessary to his
payroll department. Such outputs might be items like file copies of all
checks, complete lists:- of each payroll, monthly summary statements,
departmental break-downs of payroll for budget adjustment, and so
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forth. Ultimeely, the systems analyst would need to decide which
outputs are feasible and worthwhile, given the owner's needs.

Further, the owner might assume the only input he has available
is that of the salary figures and employee identification. On closer
-analysis, however, the systems analyst might discover that such addi-
tional information as different hourly rates, actual hours worked, over-
time hours, complete deduction data, and budget allocations are all
available as input data for the required system. Once all the input has
been gathered, it would be up to the systems analyst to determine the
exact fixed and variable inputs to be used by the system.

As you can see, the first two steps of the systems approach require
the analyst to rely both on imagiT,ation when it comes to analyzing
possibilities and on practicality when it comes to making final decisions.

Designing the system

To help them carry out the third step in the systems approach
that of developing a new data processing systemsystems analysts

Fig. 6-2 Flowchart for buying a concert ticket

Go to the
ticket office

Try to buy a
ticket at the
coliseum on

concert night

Plan to do
something

else
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commonly use three special tools. These are block diagrams, systems
flowcharts, and decision tables. These tools are of considerable help in
gathering details together, analyZing complex situations, and outlining
the system's "flow. Let's consider them one at a time.

Y &i already may be familiar with flowcharts which simply illus-
trate the steps needed to accomplish certain acts. For example, you
could flowchart the sequence of events in buying tickets for a rock con-
cert at the coliseum as shown in Fig. 6-2.

A computer programmer uses a differerit form of flowchart, called
a micro-flowchart, to help organize the steps in a program. A very
simple example is shown in Fig. 6-3.

Fig. 6-3 A programmer's
flowchart

START

Is
this the

end of smdent
master
file?

Read next
student

master card

STOP

Print 10th
grade honor

roll list

Print 10th
grade failing

list
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You can see from this example that the program flowchart, or
micro-flowchart, details the sequence of steps, one by one, needed to
progress from one state ( condition) to the next toward the goal. Since
the programmer must gixe such step-by-step instructions to the com-
puier, a flowchart showing each small ( "micro") detail is needed.

In contrast to the programmer, however, the systems analyst deals
with problems on a more general le% el. A programmer, for example,
may develop a specific program to make the computer compute grade
point averages and print out an honor-roll list. The systems analyst
might design an entire system in which student personal records, class
and grades information, national test scores, attendance records, and
other data can be input and processed to produce updated report cards,
honor-roll lists, class lists, school directories, state reports, and other
output needed. After such a system is designed, the analyst works

Gather pupil data
(enrollment. Personal,
academic, tests, etc.)

Create master pupil
file (keypunch)

Update pupil file
periodically .ath new
data and corrections

Compute gr-:de point
averages, honor rolls,

Print out class lists,
honor rolls, report

cards, etc

Fig. 6-4 A block diagram
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/ 1
input/output

Sort

Display Manual input

Fig. 6-5 System analyst's flowcharting symbols

Magnetic tape

Punched card

f

On line storage

closely with one or snore programmers who will write the detailed
programs needed to process the data and produce the reports.

Block diagrams. To flowchart such broad-based problems the
systems analyst often starts with what is called a block diagram. The
block diagram serves to break a large problem down into its general
sections and to show them in logical sequence. Fig. 6-4 is an example of
a block diagram. You should be able t-J read this diagram easily and
to gather from it a general picture of the problem it represents.

Systems flowcharts. Once such a general picture of the problem
is established, the analyst begins to refine the picture. The blocked-out
steps are more closely analyzed, and they are broken down into clearer
and more precise steps. In the process, the analyst is very likely to use
a flowchart something like the programmer's to graphically illustrate
the flow of specific major steps in volved in the system being developed.

The symbols the systems analysts most commonly use for their
flowcharts are shown in Fig. 6-5. You will notice that several of these
symbols are general ones found in program flowcharts as well as sys-
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Communication link
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Current
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data

Cumulative
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,lyst's flowchart
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terns flowcharts. The additional symbols pictured in Fig. 6-5 help
illustrate the different purpose of the systems flowchart. The program
floWchaft shows details only of the CPU processing, while the systems
flowchart exists to diagram the flow of logic and data thrccugh the system
from conception to finish. The systems analyst uses special symbols,
therefore, to indicate the manner in which data flow from one step to
the next for instance, in what form they were submitted, how they
are to be fed into the computer, what kind of storage is needed, whether
a printout is to be made, and so on. Figure 6-6 is an example of a flow-
chart a systems analyst might construct to diagram a system for solving
the problem discussed earlier.

Study this flowchart for a few minut .s. Once you have identified
the meaning for each of the symbols, the chart should be easy to follow.
Can you see how this flowchart would give the analyst a clearer picture
of the major steps involved in this system than the block diagram pro-
vided in Fig. 6-4? With such a picture at hand, the analyst can proceed
to work out- the specifications for each step in the process. Because
analysts' flowcharts focus on the specific major steps in the overall pic-
ture, they are usually called "macro" ( or "large") flowcharts. To get a
more vivid idea of how much "larger" their picture is than that of a
programmer's flowchart, notice the operation box marked "Computer.
Processing" in Fig. 6-6. This box shows where all of the programming
operations take place. To fill in the computer programs needed to make
this system work; it might take the programmer a dozen pages of flow-
charts, but they would all fit into the macro-flowchart as just a part of
this one box marked "Computer Processing."

When a system has been completely enough diagrammed in
macro-flowchart form, the analyst can give this chart to the programmer
to show generally what progradis will be ^ailed for in the system. On
the basis of the macro-flowchart and any additional specifications
needed, the programmer can create the programs for the system.

Check your understanding
1. The "systems approach" is

a. a way of flowcharting problems.
b. based o_ n the classical five steps in scientific problem

solving.
c. a substitute for flowcharting.
d. the last step in developing a system.
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2. Assume you were about to design a system to sielp students
analyze information about colleges; and decide which ones
they should apply to for admission. Assume that so far you,
have outlined the following steps in your approadh to the
problem:

Document the procedures for running the system.

The input will consist of 20 kinds of data for universities (such
as names, locations, tuition figures, departments established,
etc.) taken from university catalogs or university bullethis.

Test out the final system and make any revisions that are
needed.

Two kinds of output will be sufficient:
.

a. a list of all the universities which satisfy the conditions
specified by the user (e.g., all universities with tuitions
under $200 per semester and a major department in Black,
Studies), and

b. for any university, a list of items the user is interested in
(e.g., at a given universit ,a list of all scholarships .avail-
able).

G

Design the system to process the input to produce the desired
output. t , I
Write these steps in the order in which you would be working
on them if yob used a traditional systems approach.

3. Assume you are still working on the problem given in questio. n
2. On a separate sheet of paper, draw the macro- flowchart
shown on page 274 and fill it in to illustrate the basics of the
system you would need to design.

Decision tables. Sometimes the problems the systems analyst must
solve are too complex to be translated immediately into a macro-flow-
chart. Often, for example, the input and output have so many facets it
is difficult at first to determine exactly how.they, should be shown to
flow on a flowchart. In these cases, decision tables are an invaluable tool
to the analyst.

In general, a decision table bay be defined as a table showing (by
X's) what actions will be taken when any combination of conditions
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Conditions 2 4

Does the shop have 10-speed bikes in stock? Y N

Do you have enough money? Y N N

Actions

Buy a 10-speed bike. X
Order a 10-speed bike from their next
shipment. X X

Save more money. X X

I

Fig. 6-7 Decision table
for buying a bike

holds (signified by Y's and N's, 'for "yes" and "no"). Here is a 'ery
simple example. Can you make sense of it?.

If you had trouble reading the table, here's how to do it. First, read
the two basic conditions in this problem and the three possible actions
to be taken. Now, look at the situation in column 1. The Y's ( or yes's)
mean that, in this case, the shop has 10-speed bikes and you have
enough money. So, the appropriate action in this case ( shown by X)
is buy a 10-speed bike. Column 2 shows the situation where the shop
has 10-speeds ( Y), but you haven't enough money .(N ). The actions
to be taken are order a 10-speed bike and save more money. Column
3 shows that in the situation where the shop has no 10-speeds, but you
do have enough money, the only action to be taken is to order a 10;
speed from the next shipment. Read down column 4 in this way. Notice
that, for this pr-llem, the four columns cover all possible situations.

The vertical columns on a decision table may also be called "rules."
If you look again at the table in Fig. 6-7, you can see why. Column 1
can be read: "If the shop has 10-speeds and you have enough money,
then you can buy a 10-speed." This is phrased as a simple "if-then" rule.
In the same way, the next column can be read: "Rule 2If the shop has
10-speeds, but you don't have enough money, .then you can Order a
10-speed and save more money." Read columns 3 and 4 as rules.

You have probably already decided it would be just as easy to
flowchart the prOblem about 10-speed bikes. Right! This is a very simple
example used just to show you how easy it is to read a decision table.
Now, let's turn, to a more complex problemone that the beginning
systems analyst might find hard to flowchart right off the bat! It is in
such situations that the analyst will use adecision table to clarify all
the possibilities in the situation before constructing a systems flowchart.

Suppose a small airline company wants to start automating its
ticketing procedures. Assume the mahager gives you the following
information about how requests for tickets are to be handled.

276
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If a fireclass.request is received, and

a. first-class is available for the flight, then a first-class ticket is
issued'and 'one is subtracted from the first-class seats available
for the flight.

b. first-class is trot available, then tourist-class is checked. If
tourist -class is open and an alternate class is acceptable to the
customer, then a tourist-class ticket is issued and one is sbb-
tracted from the tourist-class seats available.

c. an alternate class is acceptable, but neither first-class no
tourist -class is open, then -the customer is placed on the w
lists for both classes.

d. an alternate class is not acceptable, bilt first-class is not aval
able, then thecustomer is placed on the 'wait list for first -c1 s
only,

If a tourist-class request is received, and

a. the tourist-class is available for the Eight, then a tourist ticket is
issued and one is subtracted from the tourist-class tickets avail-
able.

b. tourist-class is mit open, then the first-class is checked. If tb,
first-class is open and an alternateclass is acceptable to the cus-
tomer, then a first-class ticket is issued and one is subtracted
from the first-class tickets available.

c. an alternate class is acceptable, but neither the tourist-class nor
first-class is available, then the customer is placed on the wait
lists for both classes.

d. an alternate class is not acceptable but tourist-class is not avail-
able, then the customer is placed on the wait list for tourist-class
only.

Do you think you could flowchart this situation from this bulky set
of rules?. If so, try it and see how you do. But for these who think it
might be very difficult to organize the details in their minds, let's see
how this problem would look if it were set up in a decision table.

First, to construct the table, ,ve need to know all the conditions ( or
"if's") that are possible in the situation, ar.d al' '..he actions ( or "then's").
Reading through the rules the airlines provided, We can list the condi-
tions and actions to start the table as shown in Fig. 6-8.
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Conditions .

Is request for firstlass?

Is firstclass open?

Is tourist-class open?

Is alternate class acceptable?

Is request for tourist -class?

Actions

Issue first-class tickets.

Subtract one from first-class tickets available.

Issue tourist-class tic et.

Subtract one from tou -class tickets available.

Place on firstclass wait lift.

Place on tourist-class wait list.

Fig. 6-8 First step in outlining airline ticketing de4
cision table

Conditions

Is request for first-class?

Is request for tourist-class?

Is first-class open?

Is tourist-class open?

, Is alternate class acceptable?

Actions

Issue first-class ticket.

Issue tourist-class ticket.

Subtract One from first-class available.

Subtract one from tourist-class available.

Place on tourist wait-list.

Place on first-class wait list.

I

1 2' 3 4 5 6 7 8

Y Y; Y Y-- -1- -Y-- -Y",

Y N N N Y N

YN YNNN
Y Y N Y Y N

X x
x x

x x
X X

X !, X X

XX, X X

F,g. rA A ticketing -- table

Now, referring again to the set of rules provided before, we can fill
in the columns to show what the if-then niles are for each possible .

situation. The completed table would look ]like the one shown in Fig.
6-9. Notice that the order of the conditions listed in this table is different
from that in Fig. 6-8. The sequence was challiged to put the conditions
in the most useful order. Do you see any errors in columns 7 and 8?

On the basis of this decision table, a ma ro-flowchart will bi; much
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Subtract
one first.

class ticket

Subtract
one tourist
class ticket

Issue one Issue one
first -class touristclass

ticket ticket

__------ /..-----
k

Macro-flowchart of airline ticketing prob-

..,

easier to construct, step-by-step, and it will be easier to doublecheck
to see that no alternative or rule has been left -out. A sample of one way,
to flowchaft the ticketing problem is shown in Fig. 6-10. As you study
this macro- flowchart, notice that there is no "computer processing's box.
In this case, the major steps in the processing have been diagrammed
on the basis of the decision table. Note also, however, that only the
major steps have been accounted for. The programmer will still have to
break down this area of the flOwchart into micro - flowcharts.
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Check wur understanding
1. Micro - flowcharts and macro-flowcharts

a. are both used by systems analysts to solve little and big
problems.

b. differ in name only.
c. differ in the kind and amount of detail they show.
d. are used by junior and senior analysts, respectively.

2. Decision tables are most useful in organizing information
when problems are

a. too simple to flowchart.
b. too simple to matter.
c. too simple to believe.
d. none of the above.

3. Assume that a folk and rock record store owner has given you-
the following problem:
I want a system that will give me pot only a weekly list of al-
bums I need to order, but one that will tell me where to display
the albums I have. I figure I should display the five best-selling
rock albums and the five best-selling folk albums in the front
windows, as well as file them in the front windows, front racks,

hand regular stacks, and on the wall. The top 15 folk sellers and
the top 15 rock sellers should be displayed on the store walls
and should be filed-in the regular stacks. (Any others will
automatically be in the stacks alone.) I want a new display and
file list every week.

a. On a separate sheet of paper, draw the decision table be-
low and complete it for the "display" part of the prOblem.

1.

Conditions

Is album one of 17 top selling
folk albums?

Is it one of 5 top folk albums ?'.

Is album one of 15 top selling \
rock albums?

Is it one of 5 top rock albums?

Is less than one month old?

Actions

Display in windows.

Display on walls.

File in front racks.

File in regular stac.ks.

Y Y N N

YNNNN
Y Y Y Y N N

YYNNNN
YNYYNYNNYNN Y

X X

X X

XX X

XX X

2 'g 7

(
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b. Draw the flowchart below and complete it to show a system
that could give the store oWner the output he wants.

gent my.
title, quantity,

etc.

( A is for Ann

Alleluia

Folk'

(Alphabetical 41phabetical
Sort Sort

r--Rock
$

Is
album

less than 1
month?

--.1---,
Put on front

rack list
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Designing the input forms

In the work you have done so far in designing systems, you have
been using the symbol

for both input and output documents. You probably have a fairly clear
idea of the distinction between the two. The input ( or "source") docu-
ments are just those.which present the data needed for processing. The
output documents are those produced by the system. Incidentally, it
should be clear to you that the output documents are really the "pay-
off" of the entire system.

All the computer processes that take place between inpuof docu-
ments and the output of new documents are primarily the concern of
the programmer and the systems analyst. However, the client ( or sys-
tem titer) shares a concern for the documents with the analyst. It is,
after all, the user_who'Vvill be preparing the input documents and who
will be using the documents output by the system. Whenever a data
processing system is to be developed, the analyst always works very
closely with the client on both the content and the form these docu-
ments will have. The definition of the contents of input and output is
usually done at the beginning of a systems analysis, You have already
studied this aspect of the documents on pages 267 and 268.

The second aspect of input and output docum-ents is their form.
These can vary widely and the analyst is often responsible for designing
them at the same time that the rest of the system is being designed. So,
you should he familiar with how these forms are designed. First,
look at the possible forms of input documents and some criteria the
analyst can use in deciding on the ones to use. Then, we'll consider the

c forms
most

documents may fuke. For both kinds of forms, however,
mthe ost impoitant consideration is always that the information be

presented in as usable a way as possible..
The form of input documents (which carry the handwritten data

from the tiger to the computer) depends first of all on the type of hard-
ware used. Where a mark or optical reading device is used for inputting,'
the data are marked on forms which go directly into the ryding device.

243 9..
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17

In this case, the forrn ar designed with botlithe user's convenience
and the device's capabilities ind. -. *

f

1 One commonly used mark ense form is the stag dard IBM test
answer sheet. You have proba y used this form on rational or state
tests. On it you marked each answer by blacking out the iivpropriate

c small column with a pencil./ .

The data may not lend itself to this form, or to any other standard
mark-sense form, however. Then the systems analyst will have to design
fhe mark-sense form or. forms which will be suitable for the data and
readable by the device.

. Thescards and the sheets may be designed irs,-Ztever format is
desired. The optical scanner or reader iis simply programmed to- read
from the appropriate places on the form. ( These special forms must be
professionally printed, so several weeks must usually be allowed.)

Men data is first keypunched onto cards or punched onto paper
etape, tl input of data is more indirect..The farms the data are entered

on may r nge from basic bookkeeping or report type forms to highly spe-
cialized forms designed for one user and-one system. In either case, the
convenience of both the user and the keypunch or paper tape pinch
operator is an important consideration. It is possible, for example, for a
keypunch operator to punch cards from such conventional forms as a
school enrollment form dr a driver's license application form. 'This is

only true, however, if the operator has a format-key indicating precisely
where on the card to punch precisely what data from the form. If many
such unspecialized forms are used, it is relatively inconvenient for the
keypunch operator.

Therefore, it is far more common for the user of a datii ploc.-essing.
system to enter data on forms designed with the user ILA macliiite
operator both in mind. There are some forms available.for certain types

. 9f information, such as the form programrael7 use to write their pro-
grams on and the forms students might use to write out their class
schedule. An example of a form that a'programmer might use is shown

' in Fig. 6-11.
As you can see, there are little numbers at the top and bottom of

thebgramming form. These are column numbers which tell the key-

punch operator where on the card to punch the data. A tape punch
operator could also punch a paper tape from this form quite easily by
following the clearly marked-off spacing of data on the form.

Although such forms are standardized,,they are still highly spe-
cialized and have very iithited uses. But, you can see that such forms

29u .
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Fig. 6-11 Standardized programming form

would be fairly easy to design. For this reason, the systems analyst often
designs mosOr of the input forms to be used with this system.

In designing input forms, analysts usually follow these guidelines:

284

1. Minimize the am tint of data recording that must be done by
'a. consolidating imilar forms.
b. preprinting a much information as possible on the forms.
c. using multi e-choice entries rather than open-ended ques-

tions. ( For example, on a medical form, ask patients to
check on a list the. diseases they have had rather than to
"list the diseases" they have had. This jogs the memory and
is easier to code.)

d. not requesting more information than is needed.
2. Lay out the parts (or fields) of the form in a logical manner.

For example,

291
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a. design the form to be filled out from left to right and from
top to bottom, the way people are used to reading.

b. arrange the sequenceof entries to follow th'e natt work
-flow. (Income tax forms, for example, request information
in the order in which you will calculate it.)

c. use familiar sequences (address, for' example, is usually
-number, street, city, state, zip).

3. Make all instructions clear and precise.
4: When selecting size, shape, arid material, keep in mind the

way in which the documents will be filed, handled, and trans-,

ported.

-Designing the output forms

The form in which a data processing system outputs its results is of
central concern to both the user and the analyst. The user wants the
various pieces of output in a readable and usable form. It is the analyst's
job to see that the user gets them in the most madable, usable, and
economical form possible.

Most systems make use of the computer's regular printer and con -h
ventional computer output paper for a large part (or all) of their out-
put. This paper is available on various size rolls which fit into the
printer. Whenever the conventional computer paper is used, it is up to
the analyst to design the form in which the output will be printed. Here
are two examples of the same information being output on conventional
computer paper in two different forms:

Fig. 6-12 Examples of output forrhs

HONOR ROLL GRADE 9

4.0 ALLENS, SARA BELLE

4.0 CAMERON,h0N RICHARD
3.0 BAKER, TERESA TAMRA

0 1.48-'''"1.IONES7,-TEDlt,
3.8 YONDEL, BARBARA HELEN

t.

HONOR ROL. 9TH

Immr_Room_4102

HOME ROOM '301
ABRANS, FRANKLIN ../ON 3.5

ALLENSON, MICHAEL RAY
ASHTON, MARGARET
sewn,. TurcA Timm
BROWN, THOMAS MOORS

4.0
3.6
3.9
3.6

CAMERON' DON RICHARD
CARLSON, SYLVIA ANNE

4.0
3.7
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TO' CP /HE MONTAN
SO SHOP

1409 Second Avenue
Westport. Oregon

V 10 1.10.0. 0 Oa.

24- II

N? 05120_cc

ea. ...0 LLLLL 0
UNITED STATES NATIONAL RANK OF OREGON

re
4

DOLLARS

Fig. 6-13 Standardized output form for one' corn- -
Amy .

I

The printer is usually veryversatile and can be adjusted to print
on almost any reasonable size and weight of paper. For example, it can
easily print' out onto cards, address labels, and small and large forms.

As in the case with input forms, there are many standardized forms
available for output documents such as report cards, paychecks, bills,
and §,o forth. ,

Whenever they fit the specific needs of the client, the analyst may
use such preprinted forms. In many cases analysts design variations of
the standard.forms or entirely new forms to tailor -fit the user's very ,

special needs2In deciding on the final layout of,an output form; analysts
.usually consider these main points:

1. Is the sequence of the form logical and easy to follow?
2. Are the filing data and margins consistent with the filing

equipment or binders to he used?
3. Are the captions on the form easily understood?

.4. Is the level of detail appropriate (should items be spelled' out,
abbreviated, or coded)?

5. 1.1-lave the space requirements of each field (or section) of the
. - form been vqified? or example, is the room allowed for

entry of a name or number large enough?
6. Will titles, numbers, or colors make routing, dispatching, or

,handling easier?
7. Is The size and shape appropriate for easy handling and filing?
8. Is the hurriber of copies correct?

If a user, for example, needed address labels to be output along
with other order and sales information, the analyst would want to
gather..111, the'facts about how the labels would be used. -Th,e analyst

293
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MAILING INSTRUCTIONS

.. \
0 Air Mail
0 First Chili
0 Special 4th Class

CONTENTS
EDUC. MATERIALS

O Books
0 Films
0 Records

Educall Ca.
16,N. Main St.
Pleasanton, Oregon 97000

. l
TO:

Return Postage Guaranteed

;

Fig. 6-14 Sample address label

0:

(Actual Size)

would want to know what packageskr boxes the labels would be at-
tached to, what means of mailing would be used, how many copies of
the label would be useful ( e.g., if one copy could be useful as a wingn

list), if return postage would be guaranteed, what the regular cont 6
of the packages or boxes are, and so forth. All of this information would
be reflected on the final form. Can you see where each piece of data
mentioned above has been used in designing the form for address labels
as A-limn in Fig. 6-14?

Careful attention to the details in designing and deciding on input
and output forms is time well spent. It can save both the user and the
computer center much trouble later 'on. . .

Once. suitable forms.have been selected or designed, the systems
analyst usually orders a limited stock of each at fl :st. Until a system has
been thoroughly tested, problems may still appear. Modifications or
corrections in the forms may be needed.

Check your understanding .

1. If a keypunch machine is used for preparing input cards,
a. all input data forms should be designed only for the key-
' punch operator's use.

2.94
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b. input data can best be submitted on a standardized mark-
sen5e card.

c. input data forms should be designed for easy use by user
and the machine operator alike.

d. none of the above.

2. Assume a client has been using these three handwritten forrlis:

No No No.
Name Name Name

Cumulative record of grades
Address Address

.

1970-1971
Testing Record Health: /

19714972 1970-N.A.T.- 1970

1972.1973 1971 -S.A.T.-
19711973-1974 S.R.A. Rdg-

1972:

.

The systems analyst developing a data processing system for
the client would most likely

a. use the three forms as they are.
b. design one form for use, consolidating all the information.
c. design three much smaller forms for the same information.
d. redesign the forms so they all have entry places for ad-

dresses.

3. A well-design'ed input form would probably

a. have room for all possibleyelated information to be entered
on it, even data not presently needed. by the system.

b. be as brief as possible, even if a separate/key were needed
to decode abbreviations and to give instructions for using
the form.

c. be designed in a standard 8 inch x 11 inch size because
people are used to using forms of that size.

d. include clear instructions and .tise familiar sequences for
information entries.

4.' Identify at least three parts of the input form at the top of
page 289 that a good systems analyst would probably change:

2.45
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Pt

APPLICATION FOR EMPLOYMcNT

Date

Name

Address
State, City, Street no. & name

Telephone Age - Citizenship

What is your educational background?

.

List your office skills:

5. Output forms
0

a. rarely need to be specially designed.
b. are prim rely the user's responsibility.
c. are usual! a standard size.
d. are often designed by analysts as variations of standard

forms.,"

. The regular computer printer is

a. highly versatile.
b. able to print on one size paper only.
c. the only output device the computer has.
d. designed especially to fit the User's need6.

Which of the following are criteria the analyst is likely to use
in deciding on an output form?

a. Size and shape must be appropriate.
b. Sequence of the form should be easy to follow.
c.. The form must be adaptable to the user's filing equipment.
d`All of the above.

A
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'r

Which of the following criteria have -clearly been ignored in
designing this output form for a bill?

a. The space 1 equiftment for each field must be verified.
b. The level of detail should.be appropriate.
c. The captions should be easy to understand.
d. 16 the number of copies correct?

1/5/72

Mr. T. Brandon
SouthgateManor
Apt. 3.G Complex
South Wilson, Wisc.

Bitting
Dept. Copy

Master File Copy

TOT.

D.DT.

CUS.N.

MO. STMT.

Customer Copy

IS 187

1 I 21 I 72

60 I 31 I 4A301 5

TOT. DT.

3.06 11/14/71
3.06 12/13/71
14.80 12/15/71
5.07 12/22/71

Appleway Crafts
$ 13001 South Gate

South Wilson, Wisc.
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Testing the system

The fourth step in the systems approach is that of testing the new
system. This usually involves the testing of two main things: 1) whether
the system operates correctly and 2) whether the various, parts of the
system aje as useful, economical, and worthwhile' as they were intended.
to be. ft('

,Testing a system for correct operation is.usually quite straight-
forward, and problems are normally easy to detect. Since a computer
*system is run mainly by programs, it is always essential that these pro-
grams be tested and debugged\k.)efore the system is put into full opera-
tion. Ordinarily, the programmers will see to this, but the analyst will

a/usually supervise the testing of the entire set,of programswhen all.the
. pieces of the system areput together. While the set of programs is being

tested, problems may show up on the input or output or in the overall
°form of the system. If they are caught here, they,can be _corrected be-

/ fore the s ))stem is ready for use.
. Ouce the system operates correctly, the analyst can take a careful

survey of the overall flow of the sygtem and the outpuf generated to see
that all aspects of the system meet the criteria of both usefulness and

. economy. During this survey the analyst may discover that a desired
output is too difficult or expensive to produce to make it worthwhile.
The limitation might be the cost of running a certain program, time or
cost involved in coding, a difficulty in running or distributing a certain-
report, or effort required to obtain the input data. ( Let us demonstrate
this by an example..You might like to have a weekly/or even daily,
report of your checking account .balance mailed to you by your; bank.
The information exists, and it would be a simple programming problem

to produce such reports. Tut, obviously, the cost of computer time,
paper, mailing, and sd forth would be so high that the report would not
be worth the eost.)

Compromises must be made. It is a common fault of some analysts
and programmers to want to create highly sophisticated systems that

can do everything, just because it is possible to do so. One of the major
tasks of he -systems analyst is to balance this enthusiasm with the
realities o budgos.

Testing actually continues once the user begins to operate the new
-system. During the system's initial use, it may be discovered that some
of the required input is not as readily available,as the client thotight dr'
that some of the output documents are not needed after all. These, dis- :
toy eries may ,call for chvges in the system.

.. 0,.,
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Because the testing of a system normally does continue on into the
client's initial use °fit, analysts commonly advise the user to start out
by running the new system along with the old one ( whether. it was
automated or not).

This ensures that if there are problems with 'the new system, the
work will still be done correctly: It also allows comparison of dath as a
check on the accuta/ of the new system. Runnidg parallel until every-
one is satisfied 'that a system will function smoothly .relieves _much
anxiety about a change in systems. It is ustially the last step before the
client accepts the job as completed and implements the system fully.

Putting the system into effect.

;,
"Selling" the system. No, we don't mean system s analysts must\

also be computer sales-people! But, ti very important step in putting a
system into effect is to gain the support and cooperation of the people
who must operate the system once it is installed. Without that support
and cooperation, the system. is sure to fail.

A good.example,of the ingenious ways people will sabotage a sys-
tem they don't support is in the use of seat belts in the newer cars. Un-
less one seat belt is fastened for every front seat passenger, the car won't
start. Tobose eople who don't agree with the need for wearing seat
belts for auto safety will go to any lengthsoto see that the system won't
work properly. They will sit on the forward edge of the .seat to avoid
triggering the pressure switch that senses the presence of a person in
the seat. They will pull the belt out of the retractor and tie a knot in it
or hook it over'the door lock to keep it fully extended. They will fasten
the seat belt and then sit on it to keep it extended. Or they will simply
pay a garage $15 to disconnect the whole system!

It is this well-known aspect of human nature that makes it so im-
portant for a systems analyst to spend time planning and working with
the people who will operate the system, to win-their confiden6e. Opera-
tions personnel who have the major respo9sibility for making the sys-
tem a success or a failure must understand and accept the need for it,
be in on its development, know bow to operate it, and feel. that t)ley are
an important part of the system. It is up to the systems analyst to enlist
the support of operations personnel early in the project.

Not only operations people, but anyone who will be involved in
providing or preparing data, receiving a nterpreting output, or who

299
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will be in some way affected by the change should be invo`ived in an

orientation program. Such a program would explain the need for the
system, the benefits to be gained, and the new methods to be used.

For example, consider a school where teachers fill out report cards

by hand for each strident. If that school were to install a computerized
grade-reporting system, who would need "selling"? First, the students.
Then the teachers, who would submit grades in a new war which at
first seemmore complicated than the old. Parents would have to adjust

to reading a computer-produced grade report rather than the more
personalized hand-written report. Others would also be affected by the

new systemschool secretaries, counselors, and administrators. Failing
to explain. and justify The system to these people could cause many
_problems for the systems analyst. It is not enough that a systetn is
technically workable. It must also be understood, accepted, and Sup-
ported by the people who use and operate the system.

o

Documentation. Before clients can use new systems, they must
Inive adequate materials to explain in detail their part in making the

systems run smoothly. These are prepared by the analyst& as the "docu-
mentation" of the systems. -

In general, the analyst is expected to provide materials such as

the following:

1. thorough general description of the system ( called a pro-
.

cedure -manual). for the client. This includes notes on the
overall paper-flow and the output. Where appropriate, guide--

lilies- would be given for obtaining the forms used with the
system.

2. Complete listings and sample runs of all, programs. ( Inci-

dentally, the computer center for which the analyst is working
normally als'o keeps a copy of all the programs for each system, .

developed.)
3; Manuals on how to use all the input forms, including samples.

4. Manuals on using the system's outputs, including samples.

5. Handbooks with instructions on data preparation and specific

operations. The first would include such information as how
to keypunch from specific input forms. The second would
specify such things as approximate running times for each
program, when to load which output forms, what card decks
or magnetic tapes to load and When. a
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In addition, if a system is modified or updated at a later time, it is
'the responsibility of the systems adalyst to.see that all documentation is
similarly modified or updated.

Implementation. The implementation phase is the one in which
the system is set up in the user's installation and the systems analyst
sees to it that the system functions smoothly. If a system has been4

thoroughly tested, this should happen rather rapidly.
The analyst may be involved in training of personnel to work with

the new system. While this often begins ea Tier in the design and testing
phases, it frequently continues-into the Anvlementation phase.

Once the system is installed ancIAunning smoothly, the analyst
--may have little further involvement with it. More frequently, ho'wever,

a systems analyst finds that problems develop and have to be solved, or
the system must be constantly reevaluated and revised to keep up with
the 'changing needs of the organization. .

Che our understanding
1. 0 ce the programs for a system have been tested by the pro-

grammers,

a. the analyst usually supervises a final testing of the entire
set of programs,

'b. the programs are c nsidered finished.
c. the programmers co duct,a final testing of all the programs

together.
d. none of the above.

2. Once the user-begins to operate the system,

a. the system is considered fully implemented.
b. the analyst begins to prepare documentatio for the system.
c. any previous system used is dispensed wita.
d. testing of the new system continues for awhile.

3. Documentation of a system

a. is sually done by the user after he or she starts operating
th system.

b. is usually done by the analyst before he or she starts testing
th system.

c. is,always the last step in a system analysis.
d. none of the above.
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4. Which of the following is not a part of a systems documenta-
tiont '?

-
O

ia. Manuals on using input forms
b. jiandliooks on operations like setting up output devices

and preparing input pedia such as pun hed cards
c. Gtiidelines on how..to)9krogram for the stem
d. General description, of the system and s parts

5. The implementation of a system often involves

a. training personnel to use the systeM.
b. continued testing of the overall syStem.
c. the operation of the new system along with the old system

for a times
d. all of the above.

6. Which of the steps listed below, if left out, would be most.likely
to cause the system to fail?

a. Designing decision tables
b. Selling the system
c. Providing sample runs .

d. Providing for all desired output

7. To summarize your understanding of the systems approach,
write the following steps in the correct "systems r,oproach"
order.

Design the systeM
Test the system
Define output
Document and implement the systej
Define the elements of input

:302
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Computer.,
career. p

in
Perspective

INTRODUCTION-

Perhaps you would like to explore a career in a computer-related area.

What do you need to know to begin your exploration?

First, you need to know what jobs are available. Then you should

explore the nature of the job, the kind of work involved, the working

conditions you might expect, the requirements for the job, and the

297'
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prospects for future employment and advancement. Finally, you need
to carefully take stock of yourself. Will your particular interests, capa-
bilities, and personality "fit" the job you have in mind

What type of person are you? fion't just ask yourself. Ask your
friends, teachers, parents, and employers for their viewpoint. Their
different perspectives might provide you with valuable insights about
yourself. Po you enjoy detail work? Like to solve puzzles? Need or want
close supervision? Enjoy working with people? Like to "run things"?
Are you interested in machinery? AmbitiOus? Well-organized? Your
answers to all of these questions will give you some clues about the kind
of computer-related career you Might want to explore further. You may
even wish to begin preparations for a future career in t!;e computer
field,

. In this chapter we will discuss several computer-relate eers:
data preparation clerk ( or data clerk ), computer operatiii, c puter
programmer, systems programmer, systems analyst, , computer
-center manager. Chapters Two through Six dealt with the kind of de-
tailed knowledge and skills you would need in order to pursue an-, of
these careers. In this chapter, each of the careers is nmarailled separately
to indicate such things as what the job is like, "hat its requirements are,
and what it involves in the waNiof working c inditions and prospects for
the future. All of these careers are placed 111 perspective to help you
make decisions about further exploration and preparation.

SALARY LEVELS

It would be a waste of time to state the salaries that could be expected
in any of the careers discussed. Salary levels change every year, so any

'4 figures given here would be outdated before the book was even pub-
Jished! For exmple, the .average salary of a computer programmer in
1960 was around On a- Week, in-1965-around $130 a week, andin 1970:
it was around $180 a week. In 1976 . . . ? Similarly, a keypunch
operator who earned about $65 a week in 1960, averaged $85 dweek in

365, and in 1970 averaged $100 -a week.°
It might be more informative to compare salaries of computer per-

sonnekwith the salaries of people in other types of careers. Figure 7-1

° Current salary levels for all computer-related careers are available from the U.S.
Department of Labor, Bureau of Labor Statistics, Washington, D.C.
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shows various careers that/are comparable, in terms of expected salaries,
to some of the computer-related careers we are exploring.

In management t.( such as of a computer center, computer *ra-
tions, or systems and programming) salaries will vary so widely that an
inexperienced ilnager may make less than an experienced computer

Fig. 7-1 Comparison of salary levels

COMPUTER CAREER

.4

CAREERS WITH COMPARABLE SALARY LEVELS

Data Preparation Clerk

Licensed Practical Nurse
Medical Technician
Service Station Attendant
Office Machine Operator
Telephone Operator t
Bank Clerk, Teller

Cashier
:Taxi Driver
Stenographer
Custodian.
Waiter or-Waitress

a

Computer Operator

Photographic Darkroom Tech.
Elementary School Teacher
Furniture Upholsterer
Commercial Artist
Executive Secretary
Telephone Installer
Merchant Seaperson
Registered Nurse

Dental Hygienist
Welder
Chef
Barber
Mail .Carrier '
School Counselor
City Busdriver
Diesel Mechanic

Computer Piegrammer

Occupational Therapist .
Newspaper Press Operator
Secondary Schnl Teacher
Automobile Salesperson
Computer Service Tech.
Radio or TV Announcer
Construction Laborer .

Jewelet , Watchmaker
Social Worker
Musician
Flight Attendant
Truck Driver (Local)
Purchasing Agent
Police Officer

Systems Programmer

Food and Drug Inspector
Mr Traffic Controller
Anthropologist
Locomotive Engineer
Newspaper Reporter,
Photographer
Sociologist
Engineer

Surveyor
College Professor
FBI Agent
Accountant
tiredit Official
Lawyer
Personnel- Worker

Systems Analyst
Real Estate Salesperson
Long-distance Truck Driver
Forest Ranger

Plumber, Electrician
Bricklayer
Carpenter
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operator. At the same time, a bigh level manager, with experience and
much responsibility (for example, a manager in software develop-
ment) could makes much as a chief hospital administrator, a veteri-
narian, a chiroprattor, a pilot, a dentist, a city manager in a large city,
or a chief of police.

Now, let's go on to tare a closer look at the world of the data clerk,
computer operator, systems programmer, systems analyst, and center
manager.

THE WORLD OF DATA PREPARATION
.

Introduction

In the world of information (or "data") processing, the data prepa-
ration clerk, or data clerk, holds an important and responsible position.
To get a generalidea of where this position fits in the overall picture or
data processing, look at the diagram in Fig. 7-2:

As you can see from this diagram, the first stage in processing data
involves the computer proirammer, who writes the program ( instruc-
tions for the computer), and the customer, who supplies the data to be
processed. Once the programs and data ( in handwritten or typed.form)
are gathered and ready for processing, they are turned over to the.data
clerk who "prepares" them for loading into the computer biltranscrib-
ing them onto a medium such as punched, cards. The data ( including
programs) then goes to the computer operator, who runs the job. If
there at no errors in the data, the results of the prOcessing ( in this case,
a report) can he delivered to the 'customer.

In'general, the data clerk is responsible for transcribing all data
( including programs) onto a computer-compatible medium such as
punched 'cards or tapes that can be fed into the computer.

Information can be fed (or "input") into a computer through
several different kinds of input dices such as card readers and paper
tape readers. It is the data clerk's joli to transfer the raw data (programs
and data that are in regular bandwritten_or_typed form) onto the cards.
or paper tape that can be read by these devices.

Data clerks most often work with machine-marked media such as
punched cards and paper tape. The machines used to prepare these
media are usually run gom keyboards on which the clerk types the data.



Programmer writes program
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Program

Customer supplies data

Data preparation clerk prepares the
Program and data

Prepared program Prepared data

Report

Computer operator loads prograth and data into computer

.° Fig. 7-2 The flow of data processing

Completed report to
customer

The data clerk's work is always guided by careful and complete
instructions provided by the programmer. When the programmer turns
the raw data over to the data preparation department, specific instruc-
tions concerning the medium to'be, used and any other directions the
data clerk needs to transcribe the dat'a correctly are always included.
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_After the data have been transcribed, the cards or tapes are "veri-
fied" ( that is, checked for correctness) eith6 by the same clerk or by

'tanother clerk. At this point, all errors discovered in the data are cor-
rected., Then the cards or tapes arc routed to the computer operator for
processing.

When the job is run, errors in the prepared data can cause prob-
lems in the processing. For instance, the computer may stop running
and/or errors may occur in the output (or. results) being produced. In
such cases, the cards or tapes are returned to the programmer. The pro-
grammer must locate the errors causing the trouble. Whether the mis-
takes originat in the raw data or in the preparation process, the
programmer indi es the. corrections needed and has the data clerk
transcribe and verify new cards Or tapes, Once corrected data is tran-
scribed, the processing job can be done by the computer operator.

You can see that the work of the data clerk is a vital link in the
chain of data processing activities. In fact, if raw data cannot be pre-

- pared for processing accurately and quickly ( by skilled data clerks), a
computer center will find its entire production held up. An efficient
computer center always owes some of its speed and economy to the skill
()its data clerks.

Requirements of the job

Skills. Data clerks must be skilled at typing, since most of the data
preparation machines are run from typewriter-like keyboards. In addi-
tion, he or she needs to know in general how to operate the various data
preparation machines, including how to load, run, and unload them. To
qualify as a skilled data clerk, both speed and accuracy in using the
data preparation machines are-required.

Forms and different kinds of media, such as cards 'and tapes, are
common in the work done by the data clerks, so the ability to use and
handle them efficiently is a must.for the competent data clerk.

Although there is generally a data preparation department super-
visor in charge of assigning jobs and scheduling work, the individual
clerks should be skillful in organizing their time to meet the overall
schedules.'

Educati'n. The better data clerks usually are high school gradu-
ates. Although this may not be required on some jobs, it is desirable in
order to provide reasonable assurance of promotion. If a person is a

'J
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good typist, the formal training in the use of the equipment will take
only about one week. Three to four weeks will be needed on the job to
develOp production speed am; accuracy. The person who does not know

.dhow to type must learn typing before beginning the formal training.
. This will require four to six weeks of intensive training on typing skills
before training for the career of data preparation is begun.

Personal chpracteristics. A look at the professional data clerk will
,reveal a responsible, alert, and practical person. He or she can tinder-
itand and follow specific instructions easily and accurately and perform
repetitive work without becoming bored. Manual dexterity coupled
with a desire for accuracy and perseerance mark the data clerk as a
true professional as well as an important member of the computer
group.

Working conditions. The data preparation ,installation is clean,
orderly, and well-lighted. Being a part of a busy production unit, data
clerks usually have little time for conversation. Outside distractions are
discouraged -as they may decrease the efficiency and accuracy of the
work. Some large installations operate, day and night, thus needing
several different crews of people working shifts. New employees often
are required to start on night shifts and "work up" to day work.

The machines used in data preparation_are usually arranged in
rows for greatest efficiency in the flow of the job. Because of the nature
of the machines, the noise level in any installatibn is likely to be fairly
high. Some machines, like sorters and reproducers, generate more noise
than others. Whatever specific machines a given data preparation de-

partment may have, the noise level is usually higher than that found in

most general offices.
Data clerks are responsible to andreceive directions f the data

preparation supervisor. The assignment and scheduli g of all work
come from the supervisor, who receives data to be pr pared rom pro-
grammers, systems analyls, or even outside sourc The supervisor
generally oversees the work of the data clerks and i usually respon-
sible, in 'turn, to the Operations Manager or the Computer Center

Manager.

Data preparation as a career

The job of data clerk is essential to the operation of any computer
center. Raw data must be prepared for entry into the computer, and
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piCiared data usti'ally needs verification and often requires sorting. In
some cases, Prepared data also needs to be reproduGcd. Often, raw
data must be arranged and organized before it can be prepared on '
cards or tapes. All of these essential tasks continue to require skilled
data clerks.

Most- computer centers have several dita dells in their data
preparation department. Large centers may employ up to ten or more
data clerks to keep up with the data preparation work.- load. In general,
as computer installations grow in number and volume of Nwrk handled,
job opportunias for skilled data clerks will be increasing.

The job of data clerk, being an essential job in a growing field, is
one which provides good security for the future. Many professional data
clerks continue on in the clerical position. They increase their skills and
expertise on the job and frequently learn to operate more sophisticated
data preparation devices. From the position of data clerk, the worker
can also move to other clerical pos,itionslin the computer center or into
secretarial jobs. For the promotion-bound clerk, superior skills and
competence in the clerical position can be a strong recommendation for
promotion to the position of data prepatation supervisor or computer
operator.

.4

THE WORLD
OF THE COMPUTER OPERATOR

Introduction

In the computer center, the person who works most directly with
the computer and its related equipment is the computer operator. In
fact, she or he is responsible for the efficient use of the computer itself
and of the additional devices which feed information into and out of the
computer. No computer center can function very efficiently without a
Competent and skillful computer operator.

When the computer center's programme' has finished writing the
prograM for a specific task (or "job," as it is called) and has gathered
together all the data to be used with the program, the programmer is
nearly ready to put the "running of the job" into the computer operator's
hands. Of course before this, the rogram and the data must be tran-
scribed onto a computer-e9mpati le medium such as punched cards or
paper tape. T s usually aone I y a data clerk.
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f Once ready to. lie loatled i*o th9 computer, these paper tapes or
decks of pung e8 cards are .taken to-the compqter operator along with
an "instruction sheet" giving any,Appetal instructions involved ibrun-
ning the program. gere.the computerWerator's w starts.7

..

The computer operator first Cliecitiles the r nning of tIC job on
' the basis of the job's importance and the availability'of the computer's-
, tiine. Then, at the 'sghduled time, the operator sets up the computer

equipment to run the job as directed by the instruction sheef."This in-', . eludes pidling out and mialinting appropriate printout paper c;n thet
computer printer and loading the input media (cards, paper tapes, etc, )
onto the appropriate input devices (card reader, paper tape reader,

,i, etc. ). When all the card or tape input for a job is attached to the in4rue-
1 tion sheet by he programmer, the computer operator has it automhti

, .. &ally at'hand when ready to run the job. In many caset, howeveii, the
programs and some of the data needed for a jolare stored on cards or
'tapes kept in the computer room. In these cases, the oiler tonust
gather the required input from shelves or files and then load hem for
use at the appropriate time.

01/4
Once the equipment is correctly set up for the-job, th operator

loads the program into the comduter,or calls it up from omputer stor-
age, so that the computer is prepared to do all the t3 roper- hings to the
data that is to bo processed. Then, the operator starts computer
"run" and monitors the computees loperations from the control panel
and the console typewriter. As you already knoW, the conoletypewriter
allows the computer operatOr to vpe in directions to theLcomputer as

Acr required by the instruction sheet, such as telling it initially to start the
run. The console typewriter is also used to type in information which

N 4 the program may request, such as the current date,. The control panel is
equipped with buttons, switches, and lights whichInform the operator

i what the.computer is doing and which alloWN,egulation of its operation.
When the control panel ligHtisho<v that pe machine has stopped

for some reason, the operator has to determine if there is a problem. If
there is a problem, the operator must correct it or call in a maintenance
engiver. He' or she also monitors the control panel, the console type-
writer, and the output ( data printed out by the computer) for any

Vd evidence that the run is not proceeding correctly, stopping the job if
necessary. .

Whenever a run cannot be finished because of a problem in the
program or data, the 'operator returns the cards or tape to the prO-
grAmmer. The instruction' sheet andabrief but precise report of all that

.... .
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was observed that might indicate where the problem ,may lie is also
returned to the programmer.

When a job as been successfully run, on the other hand, the
operator remove 1 arils or tapes used for the job and 'stores them-in 6

the proper plac in the computer room. The instruction sheet and all ,.

output is given to the programmer. If the programmer has requested
that cards or tapes also be returned, they are returned with the instruc-
tion sheet and output.

As you can probably -imagine, computer rooms are usually very
busy places and time is valuable. For this reason it is important for lac
computer operator not only to schedule the work carefully, but to keep
an accurate log of the time used for each job. The computer operator is
also responsible for writing periodic reports On the use of the computer
she or he is in charge of. .

In ge computer centers, the coMputer.operator usually has someii
help in eping the computer room running smoothly and efficiently.
Most often one or more tape librarians will help with the location and
handling of the magnetic tapes. There may also be assistants trained to
operate some of the other equipment, including the input devices which
feed information into the computer and the output devices, through
which,information comes out of the computer:These input and output
devices include such equipment as card readers, high speed printers,
and separate card handling equipment such as sorters and collators. In
most small centers, however, the computer operator runs the computer
and all the peripheral equipment alone, and does all the handling and
filing of tapes, disks, and cards stored in the computer room.

b

Requirements for the job
(.--,

Skills. Becoming a competent computer' operator requires the de-
velopment of several special skills as well as the development of some
more genefal ones.

Of the special skills needed, the most important are those involved
in setting up the computer equipment to run any given job and in op-
erating the computer from the control panel and console typewriter.
Both of these tasks require a basic knowledge of the various pieces of
computer equipment and how they work together. Naturally, the better
the computer operator understands the equipment and the way each
piece works with the others, the more efficiently he or she can run the

4 '
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computer system and the more quickly any trouble that might occur
can be located.

In addition to operating equipment in the computer system, it is
helpful if the computer operator knows how to run the various machines
which prepare ands handle punched 'cards, including keypunch ma-
chines, card sorters, card interpreters and verifiers, and card collators.
The computer operator must also be proficient in the general handling
and efficient storing of card decks, tape reels, magnetic disk packs, and
other input/output media commonly kept in the computer room.

Good skills in basic arithmetic are important to computer op-
erators. Since computer printouts commonly involve numbers and re-
sults of simple arithmetic operations, operators sometimes check the

_printout during the nun for evidence of any errors or problems. It is
easy to see that computer operators who can catch arithmetic errors at
a glance can save a considerable amount of valuable time both for
themselves and the computer.

Another skill of considerable importance to the computer operator
is that of communicating effectively both in speech and in writing. Both
forms of communication are used continually in the work. This is be-
cause the computer operator has to understand directions from and
write explanations to programmers about specific computer runs. The
operator must also communicate with the computer through the console
typewriter, and write periodic reports about the computer's use.

Education. The minimum education expected for the computer
operator's positir is a high school diploma. The candidate for the posi-
tion should have wined a useful general education and a good back-
ground in mathematics as well as in language arts. Most computer
operators find that the high school courses which helped them the most
were mathematics and English courses-Logic and psychology provide
additional useful background.

Further, more specialized training for the job is desirable and can
be a real boon to the high school graduate interested in a computer
operator's career. Such training is readily available in many vocational
high schools and colleges, as well as through classes offered by com-
puter manufacturers. Computer onters may also make on-the-job train-
ing available.

Like others in till data processing profession, the computer op-
erator's education doesn't stop after getting the job. Continual changes
in the data processing field in general and in computer equipment in

1
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particular make further training through on-the-job and off-bout courses
necessary from time to time.

Personal characteristics. Since the operation of machines is the
"heart" of the computer operator's work, enough natural mechanical
ability to feel comfortable learning about keyboards, control panels, and
the like is needed. In addition, a computer operator must be able to use
his or her hands easily because handling cards. and tapes and operating
keyboards and control'panels are constant activities. Further, since the
computer operator often has to lift and carry card decks, rolls of print-
out paper, disk packs, and other bulky, items, he or she needs to be
generally physic/ally fit.

The setting up and monitoring of the computer system requiies
constant attention to details. For this reason, the compter operator
needs to be ndturally ale,rt and should enjoy doing detailed and accurate
work.

The computer room is a busy, sometimes hectic, place to work.
Therecare usually hour-to-hour (sometimes minute-to-minute) changes
in computer use, and work is frequently done tinder the pressure of
deadlines. Sudden "rush,jobs'may add to the bustle. Consequently, the
computer operator must be adaptable and .able to keep a cool head,
even under pressure.

Finally, the computer operator be a e to get along well
with people. Often 'the operator has to work t ith programmers and

"sYstems analysts in scheduling and running their jobs, and with assis-
tants in the computer room.

Working conditions. The computer room is the site of most of the
computer operator's work. It is usually clean, well-lighted, and air -con-
ditioned, with moderate noise level from the equipment. Smoking is
generally not permitted in the computer room. The computer operator
normally ohierves the routine eight-hour day with morning and after-
noon coffee breaks and lunch hour breaks. However, it is not uncommon
for special rush jobs or temporary computer breakdowns to make the
dperatoi's work schedule irregular.

Although the computer operator does a certain amount of work at
his or her own desk, such as writing summary reports and filling out logs
and schedules, most working hours are spent standing and moving
about the computer in the pr'ocess of setting up the equipment and
monitoring its operation. In the midst of runs, lie or she has short

.3 1 5 ,



Computer careers in perspective 309

periods of inactivity, but these nevertheless require constant alertness
because the equipment must continually be watched to be sure it is
running properly. A

- The operator generally functions as the overseer of the computer
equipment, assisting programmers in testing their programs and making
final runs of jobs on the computer. He or she usually reports directly to
the operation supervisor who, in turn, is responsible to the manager of
the computer center. In larger centers where several computer oper-
ators may be employed, there is often a "lead operator" who guides the
other op4rators in their work.

Computer operation as a career

Since more ancrs13..2nore organizations are installing computs or
using computer services, the demand for computer operators is gen-
erally increasing. This is particularly true in the metropolitan areas
where the largest businesses and industries are located and where the
turnover in operating personnel is relatively high.

In the larger cities, candidates for a computer operator's job may
apply to any number of different kinds of organizations for possible
employment. Colleges and universities; data 'processing firms; large
corporations or businesses; banks; insurance companies; city, county,
and state goveinniental offices; and the offices of major utilities are only
a few possibilities. Applicants may also want to consider taking posi-
tions as input/output clerks and decollktors, tape librarians, or schedul-
ing clerks, for which they are usually well qualified.

There are several directions,a computer operator's career can take.
, Many successful computer operators choose to continue working di-

rectly in computer operations, Where changes and improvements in
'equipm,ent allow 'them to keep expanding their knowledge and skills4
In langeicenters, operators may move into the position of lead operators
and, if they have supervisory abilities, they may move upward to opera-

, s tions supervisors. Other accomplished computer operators move into
programming carers, preparing themselves either through outside pro-,
grammer training courses or-through on-the-job training.

. On the whole, the successful computer operator has good chances
for promotioti. Knowledge of computer equipment and how to operate
it effectively provide agood base from which to learn olbr specialities"
in the data processing field.

.3 1 6
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. THE WORLD
OF THE COMPUTER PROGRAMMER

Introduction

When customers come to a computer center, there is usually orily
one thing they know for certain; that they have problems which a com-
puter can probably solve. The problems might deal, for example, with
payroll or accounting, With statistical analysis, or with attendance or
grade reports. Whatever the particular needs are, the customers' under-
standing of their situation is usually quite vague at first. They ordinarily
know what they want (for example, report cards or paychecks or a
scheduling system), but they may not have 4ery clear idea of the best
form for the computer solution, and they usually have almost no idea at
all of how to get a computer to produce what they need.

The first step in applying a computer to the solution of the cus-
tomer's problem is for the customer to explain what is needed to a
systems analyst at thescomputer center. It is up to the systems, analyst to
analyze all the aspects of the problem and to define the job involved in
solving it. Once the customer's problem has been assessed, the task is
assumed by the computer center. While the customer may continue to
provide information pertinent to the problem, it has in effect been
"turned over': to the computer center staff.

.At this point, the systems analyst is responsible for exploring pos-
sible approaches to the problem. He or she must choose one of the
approaches and then create a master plan for meetiiq the customer's
needs as determined.

When the systems analyst has finished designing the master solu-
tion plan, the problem is hyrio means ready to go to the computer. The
master plan is an overall plan showing the general steps to be taken in
solving the problem. For the computer to solve the problem, however, it
must have very specific input. This includes the exact data to be used
in the solution and step-by-step instructions on how to manipulate the
data and produce the results. So, from the.systems analyst's master plan,
we go to a second stepand to a second person, the computer prq-
grammer.

Specifications for the job. When the systems analyst calls in the
computer programmer to begin writing the corriputer programs for a
customer, the analyst provides the programmer with a set of instruc-
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tions (called "systems specifications") which include information about
the following:

InpUtThe kind of information (or data) the computer needs
to perform the task, and the form it may be Put in
Output The information the computer is to produce, includ-
ing the kind of format it must be produced in
Processing RequirementsDescription of any speCific selec-
tion, or calculation processes (for example, matheMatical
formulas) required to produce exactly the output needed

With the systems specifications in hand, it is up to the programmer
to work out the process by which the computy will use the input to
produce, the output. In so. doing, the programmer creates the step-by-
step instriictions (called the "programs") for the computer.

Approaching the programming job. The first thing the program-
mer must do is to plan a method for solving the problem. To do this, a
technique called flowcharting is used:From the information given, the
programmer begins by blocking out the'general steps in the solution to
the problem. Then he or she refines those steps into clearer, more pre-
cise ones. The programmer finally ends witjt a detailed chart showing
the complete flow of steps in the solution .10 the problem. This is the
flowchart of the solution.

Next, the programmer must transte the flowcharted plan, with its
logical sequence of steps, into a set"of coded instructions for the com-
puter. By 'coded" we simply mean that the everyday language the
programmer thinks in is trans died into a code language or "shorthand,"
which the computer can t n translate into machine language. There
are numerous different, " orthand" languages which can be used -in
programming and, lo 'cally enough, they are called "programming
languages." You alre y know a few names of programming languages
forexample, FO TRAN and BASIC.

Once the pr, gram is on cards or paper tape, the programmer then
proceeds to us a computer to see that each program step is correct and
can be uncle tood by the computer. There are several steps involved
in this pro edure which is generally referred to as "debugging" the
program

_en a program has had all the "bugs" taken out of it ( errors in
the reparation of cards or tape, errors in the programming sequence of

318
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steps, and so forth), the programmer goes on to test it to see that it
produces the needed results correctly. If any problems are encountered
in the testing of aprogram, of course, the programmer will correct the
program, debug it again, and retest it until it works perfectly.

Once the program has been debugged and successfully tested, it is
considered d finished program. Before the programmer gives the pro-
gram to the computer operation staff for use, however, all necessary
descriptions about what the program does, how it works, and how to
run it are written up. This is called "documentation" because it invoNes
the writing of documents to go along With the program.

Requirements of the job

The job of computer programmer requires, various skills, educa-
tion, and personal characteristics. The programmer is the member of
the computer center team who translates the broadly described system _

for solving a problem into the specific, well-defined tasks necessary to
accomplish the job. He or she is also the person who directly communi-
cates with the computer.

Skills. The programmer's knowledge of the computer is more inti-
mate than the knowledge of those who operate it, for the programmer
must "speak its language." Each computer can understand certain sets
of symbolscalled a programming languageand can translate those
symbols into its-own machine language or code. A programmer must be
able to write programs in at least one of the programming languages
currently used with the computer.

While the computer operator is the expert on running the com-
puter hardware, a programmer needs to know enough about hardware,_
to code a process for it. He or she must know how the hardware com-
ponents operate as well as what their limitations are. There are times
when the programmer may also be required to prepare data for the
programs or run programs on the computer.

In testing a program, one mulct be able to analyze errors or prob-
lems, to determine when a program is processing correctly. The "de-
bugging" and testing phases require a patient, methodical approach to
the situation. The computer programmer will do well to have a taste for
logic and order and an enjoyment of puzzles and problems. When
working out a program, a programmer must persevere until it is correct.

319
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He or she may also have to exercise judgment in rejecting certain pro-
cedures and working out new ones,- often under the pressure of dead-_
lines.

Once a program has been developed, it' is the computer pro-
grammer's responsibility to documentthat is, to write detailed de-
scriptions of the processes involved. These thorough descriptions,
provide an explanation of the reasoning and logic in the program, and
also include information about preparing data, running the job, and
verifying (checking accuracy). Althou` gh 'the programmer must have
the verbal skills necessary to communicate with the systems. analyst
and tlir, peration staff, the programmer will seldom deal with those
outside _the computer staff. It can be assumed that this work will Most
often relate to others who are familiar with computer operations.

Education. Although a beginning computer programmer may
have no more than a high school diploma, many organizations prefer
some college or technical school background. A college degree is espe-
cially desirable for a scientific programmer and those programmers who
wish to become experts in the development of software ( the internal
programs in the computer).

Most programming jobs do not require extensive mathematical
training, but they all require the ability' to understand fundamental
number relationships and arithmetic.

In training for the job, a programmer may learn about several
aspects of data processing. Most programmer training courses offer the
basic elements of computers and their operation as well as 'specific
-training in one or more progamming languages.

Community colleges and technical schools offer data processing
courses which provide good preparation for the computer programming
trainee. Training may range from an eight- to ten-week programming
language course to a -two-year data processing course. On-the-job ex-
perience for six to twelve months as a trainee is usually necessary for the

to assume the full responsibilities of the.job.

Personal characteristics. Computer programmers should be
wderlY and meticulous in their work habits. A logical nature and the
ibility to analyze problems enable the programmer to evaluate any
ob assigned and to break it up into specific tasks. Graphic and verbal

skills help her or him to efficiently design detailed flowcharts and write
the documentation for any assigned job.
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Pro ammers should be self-motivated. They must decide where
to start. any job and be able to develop a plan for completing that job
with a minimum of supervision. They should also be able to determine
when problems arise which block progress and immediately get help
from the Systems analyst who originally defined the job.

- It is very helpful if the programmer is imaginative and creative as
long as these characteristics are exercised within the constraints of logic
and the needs of the job at hand. A lOgical and objective mind is the
programmer's most essential ,characteristic.

Working conditions. Often the computer programmer will work as
a part of a team with one or two analysts and several other program-
mers. He or she will most often report to the systems analyst or the
programming supervisor in charge of the project. The computer' pro-
grammer will also work closely with the data preparation clerks, who
prepare the programs and data according to the programmer's direc-
tions, and with the computer operator, who follows the programmer's
instructions when running the jobs. A spirit of cooperation among staff
members in a computer center is important, for job satisfaction and
efficient production.

Computer. programmers are most often provided with well-lighted,
air-conditioned offices somewhere near the computer room. They will
generally have as much quiet and priVacy as possible, as their work
does require much detailed concentration.

'Computer programmers ina-y sometimes be-required to work long
or unusual hours. This flexibility. in working hours is necessary because
they may need access to computer time which is often only available
during non-production hours.

Programmers frequently have a .hand in determining completion
dates. As a result, they can be held accountable when the dates are not
met, which creates considerable deadline pressure. Since computer
time is expensive, the programmer should also realize the need to keep
the cost of developing programs within the estimates agreed upon for a
job. There is considerable satisfaction for programmers who know they
have completed a task on time.and with efficient use of computer re-
sources.

Some frustration may develop for programmers who wish to use
their skill in creating very "sophisticated" programs. Often the most
"sophisticated" program may be the least usable to the customer be-
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cause it may require more computer time and cost than the ,customer
can afford to spend.

4,11n spite of the pressure of cost limitations and deadlin es, the corn -

Puter.programmer can find ways to create new and helpful processes
for the computer. If aware of the needs of those who require such skills,
he or she,can become a much sought-after professional.

Computer programming
as .a career

Ever since the 'first electronic digital computer was developed,
there have been fewer qualified computer programmers available than
needed. Although the demand fluctuates with the economic cycles, it
appears that the shortage Sill continue. Thus, an experienced pro-
iiammer can usually find several positions, to choose from, which pro-
vides the opportunity to choose the city he or she wishes to live in and
sometimes even the company for which he or she will work. Very few
programming jobs will be found in rural ,areas or small towns, since
most computer installations are found in metropolitan areas.

Programmers may gain experience in such businesses as banking,
insurance companies, airlines, or utility companies. In fact, nearly every
kind of firm is rapidly becoming interested in computers to solve their
business proble;ns. Scientific programmers may find jobs in electronic
and defense firms, federally funded projects, or With software firms.°
Applicants may also take 'positions in a service bureau which often
serves a great variety of business concerns.

- Computer programmers' careers can take several paths. They may
choose to remain in applications programming, where new develop-
ments in computers allow them to refine their skills. In large computer
centers, computer programmers can become programming supervisors,
systems programmers, or systems analysts. If they have management
abilities, they can become computer center managers. .

The chances for advancement are excellent for skilled computer
programmers. Their effective communication with computers provides
them an excellent basis from which to expand their professional abili-
ties,

° Software firms are companies which specialize in the development of software.
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THE WORLD
OF THE SYSTEMS PROGRAMMER

Introduction
V V

While the applications programmer makes use of software to aid
in creating pro$ramvhe OrAe usually has little interest in the design of
the software: The applications programmer is interested only in solving
the-user's problem and: depends on the software to reduce the com-
pleiity of the ,applications programming tasks as much as possible.

The systems programmer, on the other hand, is the person who
actually designs the software which niakes it pOssible for the hardware
to function post efficiently in processing. programs. The systems pro:
grammer is probably at least as important a person as the computer
designer. This -is because a computer system is defined as the computer

. hardware along with tlie software which keels it running smoothly.
Usually in timpast, a custo er would buy or lease a computer and

then figure out how to appl to a problem. But the realization that
software may be the most important part of a computer system has led
to increased demand for good software to accompany the computer
hardware. Often a particular machine may be selected becauso of its
software.

The manufacturers of computer* are usually responsible for creat-
ing the software that comes with the machine. This means that every
manufacturer needs to have a staff of competent systems programmers
to design and develop a complete "software package" to go with every
computer that is produced. Usually, at the same time that the hardware
engineers are building and testing a new lindrof computers, the systems
programmers are working on the software to go with that particular
hardware.

'As you. can imagine, the systems programmer who works for a
manufacturer is interested in designing software which will meet the
requirements of as many potential users as possible. He or shb does not
try to develop software uniquely suited tb solving a particular problem
for a -particular_customer.Thisnrews,thefhat the customers (or

..."usersTW-ho have special needs for their computer systems usually hire
their own systems programmers. The two types of systems program-
mers, the manufacturer's and the user's, thus function differently in one
aspect. The first develops the software and the other uses and/or adapts
it. Let's take a little closer look at how the jobs of manufacturer's and
user's systems programmerstliffer.
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The manufacturer's
systems programmer

When a computer manufacturer as a design for a new computer,
the engineer gives the design to the systems programmer and sags, in

'effect, "Here's a new computer. Design the software for it." The engi-
neer is responsible for providing the systems programmer with com-
plete specifications, including the _logic the machine 'uses and its
particular "machine language"the, numeric code used to program it.
The systems programmer then uses the.machine language to create the
operating system, language translators, and other kinds of software
needed to Make the new hardware function efficiently and flexibly.

The user's systeMs programmer

When the soft-ware has been completed by the manufacturer's
systems programmer and the hgdware has been completely' checked
out, the new computer system is put on sale: At this point the interes0d
customers (users) usually call in their own systems programmers. If is
part of the job of the user's systems programmpr to help in the selection
of a computer.

The new computer system normally,comes equipped with a large
selection of software modules or programs. Once a system is selected,
the user's systems programmer"must decide which of these .modules to
inder. He or she will then be responsible for seeing that the software is
properly installed and that it does what the user wants it to 115. To be

certain' the users are equipped to make'bcsi'use of a new sstem, manu-
facturers always provide.the users' systems programmers'ivith training
in the new system and its software. This training is then passed on to
the programmers. When software modifications are required, the user's
systems programmer either makes the changes or arranges with the
manufacturer to have it done.

The users' systems programmers are not invo lved in designing or
developing software. Instead they are responsible for installing
a ap mg kesoftware-pwided-by--the:manufachiref.._

Requirements for the job

Whether a systems programmer works for a manufacturer or a
user, the required skills, education, and personal characteristics are
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essentially the same. The manufacturer's systems. programmer will
spend more time in applying skills and training to the designing of
software, but the user's systems prograinmer must be able to under-
stand that design thoroughly, and be able to modit3N and adapt it to
her or his own needs.

)

Skills. A systems programmer must have".all of the same skills as
an applications programmer. That is, lie or she must be able to write
programs*- in high-level- languages such as FORTRAN, COBOL, or
BASIC. But this is not enough. The systems programmer also niust be
skilled at Programming hriassembly language and even machine lan-
guage, as most of the wgrk will be done in one of these languages.

Because a systems programmer works so closely with a particular
machine particular knowledge and skill in the detailed inner workings
of that articular machine will be needed. The systems programMer
will nee be almost as much of an expert on that machine as the
person who designed the hardware.

Communications skills, bath written and 4erbal, are essential to
systems pr .pgrammers. If they work for a manufacturer, they will need
to correctly interpret the software needs for a computer, as communi-
cated to them by managers and marketing personnel, so that the Soft-
ware they design will be wanted,. needed, and usableby the largest
number of .customersjhey must also communicate directly with the
hardware designds and builders. And they will probably be working as
a part of a team of systems prOgranimers, each of whom is responsible
for a specific portion of the softwareand must communicate frequently \
with,these team members.

If systems programmers work for a, user, they will need to provide ,
clear communications to- the manufactilrer about the software needs of
their organizations. As modifications or special purpose software are,
required, the syStems programmers must communicate with the manu-
facturer either for permission to make changes or to get the manufac-.
turer tcx do the job for them.

*filer must also be able to communicate effectively with Other
programmer

(he
systems and applications) ill their organization, as/ well as with e systems analysts and their supervisors. In addition,

since systems programmers_are_usually_xesponsiblelor training the other
programmers in'using the system and for helping to write users' manuals
for the sysleth, they need good skills in clear and logical presentation
of ideas in speech and writing.
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. , . .

Education. The educationrequir of a systems programmer is
usually a college degree. The most useful major fields are computer
science, mathematics, engineering,, physics, and electronics. In particu-
lar,. programming should be studied with, emphasis On machine and
assembly language. A thorough knowledge of how.,a,particnlar com-
puter works is very helpful. , . .

If y6u choose to become a systems programmer, the most desirable
courses to take in Nigh school are advanced mathematics and Englis19in

\ -that order., .
\

Although m6st.systerns programmers receive Ofeir training in pot-
leges, there are also manufacturer's classes which offer training in the
field of systems programming. '-, ,

Personal characteristics. Programmers are logical thinkers and are
'thorough and detailed in their'work. They get along well with people.
,'11aey are emotionally stable and can work under pressure. Most pri-
grammers are dedicated to their work and willing to work overtime to
complete their jobs.

The systems programmer is a special kind of programmer who is
more concerned with how the, computer does its job than with what it
does. The systems programmr shoiild possess the same personal char.;
acteristics as the applications programmer but will probably be more
curious and creative, less communicative, and more solitary than the
applications programmer. The systems programmer welcomes a chal-
lengt and will be dissatisfied with anything he or she is givkar to use
until it has been improved to his or her own sritisfaction. .

Working conditions. Whether working for a manufacturer or a
user, the ,systen'is programmer usually will be provided with a well-
ligLted, air - conditioned office. Because much of the work requires
concentration and attention to fine, detail, his or her employer will prob-
ably

,
Provide as much quiet and privacy as possible.
Even more than other data processors, the systems programmer

frequently works night; in order to have unlimited access to the corn
puter during non-production hours. There is usually a great deal of
freedom in working hours, with frequent overtime.

The users -systems-programmer-will-probably_report_direaly to
the Computer Center Manager,:providing freedom in working closely
with both'programming personnel and operations personnel. The user's
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systems progrgmmer will also work in close contact with representatives
of the computer manufacturer.

On the other hand, the manufacttirer's systems programmer will
probably report to an executive who is responsible for development of
software systems. He or she will work closely with the designers of the
hardware and with other systems programmers who may be developing
other porti As of the same system. The software design specifications
will be drawn from a market survey conducted by the manufacturer.
They will be based on what users say they want and need. Conse-
quently, systems programmers usually find that their creativity and
imagination must be tempered by the commercial requirements of the
system they are working on.

The frustrations systems programmers are most likely to encounter
will probably result from their employers' insistence on the market-
ability and/or usability of softwaiie,Often, systems programmers would
prefer to exercise their ingenuity and skill in creating truly "elegant"
software, far more elegant than that specified by their employers.:--but
perhaps not suited to the user's needs, regardless of its elegance. They
may be restrictedby the need to produce,software within certain time
and cost specifications. Thus, they may not be able to add all of the
refinements or "bellsand whistles" they might personally prefer.

In spite of such frustrations, however, systems programmers will
find many opportunities to create new and useful'software in response
to demand from users. As long as they remain sensitive to and aware of
the software needs of those who will use what they produce, they can
easily distinguish themselves as skilled and inventive' prpfessionals.

Systems programming as a career

Most job openings for manufacturer's systems programmers will
be found in or near the large cities where the manufacturers are located.
User's systems programmers will also be in demand in metropolitan
areas, although they can find jobs in smaller cities and university towns
as well.

'One other potential employer of systems programmers are the
"software houses." These companies specialize in producing software
which often is better in some ways than that pro Tided by the computer
manufacturers. Usually, they are located near large metropolitan areas,
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where manufacturers and users are concentrated. The work in a soft-
ware house would be similar to that for a manufacturer.

'University computer centers often employ one or more users' sys-
tems programmers. The work they do may be supported by funds from
a research grant. The work may require_the development of new soft-
ware systems similar to the systems developed by manufacturers. This
kind of work may be less user-oriented and more experimental than is
ordinarily the case.

Systems programmers usually do not have many career paths open
to them. Frequently, their skills and temperament do not fit them for
management. The more usual career path is from user's systems pro-
grammer to manufacturer's systes programmeror perhaps to a soft-
ware house. .,.

If temperamentally suited, the systems programmer may move
into management through a programming supervisor's job or an opera-
tions management position.

THE WORLD
OF THE SYSTEMS ANALYST

Introdubtion

As you move along the line of jobs in a computer center from data
clerk and computer operator to computer center manager, you find that
the jobs become less routine and automatic and more conceptual. That
is, they require more thinking and less repetitive "doing." In this pic-
ture, the systems analyst is quite far along the line. In fact, in most
computer centers, the only jobs beyond the systems analysts are those
in computer center management.

In large computer 'linters the work of systems analysis may be
divided among senior and junior systems analysts. The more highly
qualified and experienced people hold the senior positions. The junior
post may be held either by a newly trained systems analyst gathering
on-the-job. experience or by a programmer training to become a fully
qualified systems analyst. In the average small computer center, how-
ever, one or two equally qualified systems analysts assume the respon-
sibilities for all facets of the analysirwork.
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But, what is this "work"? What "system( are analyzed and why?
In general, we can say the systems analyst is the master problem-solver
of the computer center. While the programmer works out the details of
individual programs and the computer Ater manager coordinates the
running of the center's various parts, the systems analyst is busy ana-
lyzing general problem situations in the organization or elsewhere and'
developing special systems of data processing to seljve themk

Whether the problem area exists within the organization or in an
outside setting, it is frequently presented to the analyst in very vague
terms. It is up to the systems analyst, then, to make a thorough analysis
of the situation and to define the problems and the needs accurately and
completely. He or she must master-mind the 'solutionthat is, analyze
all potentials for solving the problems with data processing techniques
and create the master-plan' for developing the data processing system
that would best solve the problems and meet the needs of the situation.
Finally, the systemS analyst acts as leader of the systems development
team consisting_of analysts and programmers who will implement the
master plan.

Wypical problems, systems analysts might be expected to solve are
those involving payroll systems, accounting systems, airline reservation
systems, inventory and ordering systems, statistical and research
analyses, attendance and grade reporting or scheduling systems for

t schools, and so forth.

Requirements for the job

Skills. It is easy to see that if you would rather solve problems on a
broad scale than perform specificovell-defined tasks, you might be a
good candidate for a4stems analyst career. Along with a preference
for-broad problems, then, what ,sPecific skilg and abilities must systems
analysts have to accomplish allithat they do?

When the syStems analystefirSt comes to grips with a general prob-
lem, skill at communicating ( both in speech and writing) is immedi-
ately called upon. It is important throughout the process of solving the
problem. First, the systems analyst must be able to communicate effec-
tively with these presenting the problems for solution. In particular, the
need to gather as much information as possible about the problems and
needs in the situation often requires the systems analyst to be especially
skillful at asking questions and interpreting answers.
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1" The analyst must be equally skilled hi handling technical com-
munications (e.g., flowcharts, block diagrams, computer language).

.This is so that (1) plans and ideas can be communicated effectively to
the system's development team and (2) the technical. aspects of the
system can be translated into everyday language for non-technicians'
when necessary. In additiok since the system analyst's job involves
considerable time working with colleagues-in the organization and with
outsiders (manufacturers, salespersons, and the public), the ability to
communicate well with others is via

As soon as the systems analyst settles down to planning a needed
data processing system, most or all of the following may be necessary:
determine data gathering techniques to be used, design forms, select
data processing equipment, define specifications for the computer pro-
grams to be written, prepare documentation for the system, prepare and
conduct training programs for the users of the system, and even help
determine_the manner in which the output of the system will be used.
These tasks require a wide range of knowledge about the organization
the system is being designed for, They also require familiarity with
data processing equipment and pi-ocedures, and their capabilities,
limitations, and potentials. A thorough understanding of the program-
ming that supports the computer system is also necessary. Without this
range of technical expertise, the systems analyst could not adequately
plan systems development, supervise the analysts and programmers on
the development team, or communicate the system's use and potentials
to the people in need of it.

In addition to these technical realities, the systems analyst must
also deal with time schedules, cost estimates, budgets, personnel, and
recommendations about organizational structure. Therefore, a general
knowledge of how organizations function is highly desirable.

In contrast with programmers and technicians, the systems analyst
must operate in a broader world which includes others inside and out-
side the organization. This necessitates the ability to work with people
in all contexts.

Education. The skills and knowledge required by the job suggest
the importance of college-level education. There is disagreement as to
whether a college degree is necessary for a systems analyst. It depends
on the nature and size of the organization and the type of work being
done. In an educational or research setting where statistics or scientific
routines are apt to assume a major role, a college degree is more im-
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portant than elsewhere. In order to supervise programmers, some of
whom might have college degrees themselves, it would be appropriate.

It is safe to say that a malor woman planning a career in the field
4 and having hopes of becoming a respected systems analyst in a signifi-

cant computer center complex should plan on obtaining at least a
bachelor's degree. A master's degree is desirable. Appropriate areas of
study are business Administration, accounting, statistics, economics,
engineering, applied sciences, and liberal arts. Growth and change are
so rapid in data processing that the analyst will find it necessary to
participate in frequent On-the:job and off-hour training courses to stay
abreast of the developments in the field.

Personal characteristics. Now, what are the personal character-
istics essential to systems analysts? To carry out the actual analysis and
development of data processing systems, a strong capacity for logic
and analysis is necessary, as well as a natural flair fbr imaginative and
creative problem-solving. Analysts also need the qualities of objectivity
and detachment to work with problems outside the setting in which
they exist and to strike a balance between the .creativity and the prac-
ticality of solutions. In addition, systems analysts must have the natural

'breadth of vision that will allow them to see the "big picture" while
looking at a segment of it..

Because systems analysts are responsible for scheduling- work,
organizing future tasks, and coordinating the work of others, they need
to be orderly and well-organized. Initiative should be natural to them
for much of the work requires both self-motivation and the ability to
forge ahead seeking solutions to problems never solved before.

Dealing as they do with people at all levels of authority and re-
sponsibility, systems analysts should be tactful, diplomatic, and profes-
sional in their manner. As we saw beifore, the better their powers of
communicatioa and persuasion, the mbre effective they will be in their
position, where so much interaction with people is necessary. Since an
essential ingredient in communication is the ability to put oneself in the
place of others and to appreciate other points of view; empathy. is -a 7.
most valuable characteristic for the systems analyst to have.

Working conditions. Whatever the size of the computer center,
the systems analyst usually finds herself or himself in a well-lighted,
air-conditioned office with new equipment and furnishings. Not far
away are the programmers' offices or work area. The analyst may expect

33 j



Computer careers in perspectivd 325

to be alone working in this modern office only part of the time, hoVever,
since the _job calls for frequent contacts with mar)agement, adminis-
trators, clients, the development team, and others. Because of frequent
need to communicate, secretarial assistance, reproducing equipment,
and other office services will usually be available. Like the other
workers in the center, an analyst .normally works regular hours, but this
schedule niay be subject to irregularities depending on availability of
computer time.

The systems analyst often works under the combined pressures of
time and budget. Frnstrations a're.not infrequent in "the work, as pet
projects fail or compromises must be made. In addition, it isn't entirely
uncommon for the analyst to find the system to be the target of criticism
or animosity by those who are reluctant to accept or understand change.

On the positive side, however, the systems analyst has frequent
occasion to enjoy the sense of pride and accomplishment that results
from a job completed successfully. In addition, as a part of the data
processing team, the yystems analyst will experience a vital group unity
that comes from being part of a new, dynamic, and productive profes-
sion.

Systems analysis as a career

The demand for systems analysts fluctuates with the economic
cycles, but the general trend is toward an increasing shortage of quali-
fied candidates for the positions available. Experienced analysts are
particularly in 'demand.

The majority of systehis analyst jobs are found in the metropolitan
areas where the large corporations are located. Here, many analysts
work for consulting firms which provide their services to companies
that either have no staff of analysts or whose analysts cannot solve a
particular problem. Systems analysts can also find jobs on the data
processing staffs of large industries and corporations, banks; hos-
pitals, insurance companies; educational institutions ( universities,
school systems, etc. all levels of government, special projects ( NASA,
for example ), and ,others. In smaller installations, the functions of
programmer and analyst are frequently combined in one job.

The career path of the systems analyst can take any niimber of
interesting directions, depending on the person's talents and ambitions.
First, he or she may become a senior systems analyst and continue to
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expand experience and expertise in the specialties .67il;ejob. From here
the next step may be to become an acknowledged top-flight specialist.
in a field. Instead the nett step may be to'move in the direction of
management, becoming a systeMs supervisor, director of systems and
programming, or computer center director. If talents lie in the direction
of administration, the capable systems analyst may advance into an
administrative assistant's post and other administrative positions.

THE' WORLD
OF THE COMPUTER CENTER MANAGER

Introduction

Anytime a group works together, orgaiisization and leadership must
exist to ensure smooth and efficient operation. A computer center is no
different. In small computer centers, where the staff is not large, one
person frequently assumes all of the management tasks. fri larger
centers, where there are many employees doing a large volume of work,
the leadership necessary to organize and coordinate tte activities of the
staff comes fFom a group of management jobs.

The jobs
in computer center management

Computer center Managert hold the top jobs in the computer
center. Their.jolis also mean top'responsibilities. They are .responsible
fo 'directing and coordinating the efforts of all the other people on the
co pater center staff. .s

The chart in Fig. 7-3 will give you an idea of the. organization of
a typical computer center and the relationship among the managers.

Computer center management usually includes the three positions
shown on the chart:

The Operations Manager, who is responsible for all machine
operations and supporting services.'
The Systems and Programming Manager, who is responsible
for all activities connected with the design, programming, and
documentation of data processing systems.
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computer center
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The Computer Center Manages:, who is responsible fOr the
overall direction and control of the computer center.

A large or rapidly -growing center might also have a Business
Nianager and/or a Hardware Development Manager. A service bureau,
which sells computer services, would usually have a Mhrketing Man-
;tger,

The operations manager. The Operations Manager is responsible
for the smooth running and productivity of the center's Operations
Division. This includes responsibility for the operations and output of
the computer hardware, all data preparation personnel and equipment,
and the support services which "back up" the operation, such as the
tape library and the stock room supplies.

Of all the mapagers in a computer center, the Operations Manager
is the least likely fa-b-Egund at his or her desk, because responsibilities
for the machine operations require considerable time in the.computer
room or the data preparation room overseeing the work and checking
to see that operations are on schedule and deadlines are being met. ,

In larger centers the manager May have one or, more supervisors
. , to assist i the supervision and evaluation of work and personnel. In

smaller c nters, the Operations Manager would handle this supervision,
includin orienting new employees and teaching them their jobs. In

Data
Preparation
Supervisor
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these instances, the Operations Manager usually has enough knowledge
of the machines, to overcome the problem. In the case of major prob-
lems, he or she is usually responsible for deciding whether to call the
maintenance personnel.

, The Operations Manager is responsible- for the scheduling of 'all,
the equipment and hardware in the division. There is, consequently,
frequent occasion to work closely with, systems analysts in preparing

*production schedules. Since a part of keepipg on schedule is to maintain
the machines in good working order, the manager always sees that
routine maintenance schedules are kept.

The efficient'control and distribution of the computer output are a
central concern of theie managers, and they are responsible for han-
dling any complaints from customers about late delivery of printouts,
wrong number of copies being delivered, and so forth. In line with this
part of the job, they must see that a check, is frequently made of the
storeroom to be sure that there is always an 'adequate supply of all
paper, cards, and forms on hand.

They are also responsible for the accuracy and promptness of cus-
tomer billings, so they must see that all orders and records are accu-
rately kept in the division. In addition, since the records and materials
used are valuable, they must be certain that the security of the opera-
tions and data storage areas is maintained.

As managers of a specialized division, it is up to them to select and
provide for the training of personnel working in the division. This part
of the job involves not only filling current vacancies in the operations
staff, but preparing.long-range forecasts of the division's work load to
estimate the future personnel needs.

The long-range forecasts an Operations Manager must develop are
also essential to preparation of the division's budgets, which-is a basic
part of the job, as manager. The budgets for the division anticipate the
income and expenditures of resources for the division, for a certain
period. .

The systems and programming manager. The Systems and Pro-
gramming Manager is responsible for the systems development and
programming groups which design, prepare, implement, and maintains*
the data processing systems. In contrast to the Operations _Manager,
the Systems and Programming Manager is apt to spend considerable
time athis or her desk dealing with the people and paper work that are
central to .this-job.

A

1, 315



Computer careers in perspective 329

Nev systems analysts and programmers on the staff are all selected
and usually trained by this manager. Large centers may also have
supervisors who may 'assist with the orientation and training of new
employees. The work schedules, priorities, and specific job assignments
for the systems and programming staff always originate with the man-
ager. In addition, the manager keeps himself or herself available to the
staff to help when difficult problems are encountered in the work.

Along with maintaining effective communications with the entire
staff, the Systems and Programming Manager is responsible for the
center's contact with clients outside the center. It is a vital part of the
job lo communicate with customers, interpret .their requests for com-
puter services, help them to understand what the computer can do for
them, and to.direct them to a systems analyst for the detailed planning
of the computer solution to their problem. '-The manager usually helps
create acceptance standards with, the customer for whatever program
or system is required. Once a program or system has been completed
for a customer, the manager usually takes the major responsibility in
contacting the customer about it and in maintaining contact with the
customer to be certain it runs properly. When an entire system has been
developed, the manager ordinarily narticipates in the "buy-off"--that
is, the process of the user' accepting the complete system./

Like the .Operations Manager, the Systems and/Programming
Manager, is responsible for making Jong -range forecasts and plans for
personnel and facilities for the division. On the basis of these forecasts,
she or he creates the budget for the division and sees to it that projects
are funded and that they are finished on schedule.

It is important for the Systems and Programming Manager to stay
abreast of the new developments in the data processing field. In addi-
tion, the Systems and Programming Manager usually keeps in contact
with other managers to keep them informed of available computer
services, and to find out what new services may be needed that the staff
could develop.

Computer, center manager. The Computer Center Manager
( called the Director of Data Processing in some firms) is ultimately
responsible for all the activities of the computer center. In small centers
where he or she may be the only manager, the Computer Center Man-
ager must assume the jobs of overseeing both the operations work and
the systems and programming work as well as the tasks of the overall
center`management. In larger centers, there are usually division man-
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agers .assigned to oversee the divisions' work while the CoMputer
Cent& Manager focuses attention on roviding le'adership and organi-
zation for the center as a whole.

As the top manager, the Center Manager is basically concerned
with organization and communication. In general, he or she is respon-
sible for establishing and communicating the center's_broad objectives
to the other managers and staff. It is also up to the Center Manager to
forecast, plan, and budget for the center as a whole. This part of the
work relies heaiily on the forecasts,and reports from other managers, so
establishing clear channels of communication with them is important.,

Any new division or department managers added, to the center's
staff- are.selected and trained by the Center Manager. This person iS
also responsible for coordinating the work of all the managers on the
staff.

It is usually up to the Center Manager to male -all final decisions
on the center's expenditures or personnel. But these decisions are likely
to be based on the recommendations of other, managers. If personnel
conflicts develop within the center, the Center Manager may be called
on to help settle the issue.

This manager is the personifrom the cebter who is responsible for
dealing with higher level management in the company. Frequently the
Center Manager meets with the boss, perhaps a vicezpresident of the
company, to discuss overall policy of the center, budget plans or prob-
lems, facility needs,. and so forth. He or she is generally responsible for-
representing the 'center as a whole and for explaining the ftinction Of
the center to the company's top management (president, vice-president,

.and board of directors ).

Requirements for the job

Personal skills. Some people picture a manager as a person who
stands threateningly over his or her employees, scowling and urging
them on, making them do their jobs through fear or force. You would
probably agree that it y_vould be terrible to work for such a person, and
it would be terrible to be such a manager.

Fortunately, this concept of a "slave-driver" manager is a false one.
Since people desire to do a.good job when the job is important and not
distasteful, the manager does not need to "drive" the employees. In-
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-stead, the seek to it that they have all the tools and facilities
they need to do, their job well, and that they understand what the job
is and why it needs to be done.

To help the staff do its jobs well, it is desirable for the managers in.
a computer center to have backgrounds in all phases of computer work.

--They_ need an understanding of the fundamentals of systems design,
programming and computer operation, information storage and re-
trieval techniques, data analysis, and hardware and software evaluation.

But the managers' jobs require something in addition to a knowl-
edge of tasks and procedures 'in data processing. They require skills in
communication, leadership, organization, and human relations, for
the managers deal not just with jobs but with people.

Like managers in any business, the managers in computer centers
must be able to forecast personnel and facility needs, which involves
skills in estimating, planning, and budgeting. Frequently, they will be
called on to put such information in writing, or to write progress or
evaluation reports. Obviously, a well-developed ability to communicate
both in speaking and writing is important .for work in management
positions.

Whether the.-tndividual is the Computer Center Manager or a
manager of .a-sfecializvision in the center, a high degree of per--
sonal integrity and a deep loyalty to staff and employer are necessary.
Personal traits should mark the Computer Center Manager as a person
who is straightforward, fair, tactful, well organized, and imaginative.'
Good judgment will constantly be called into use.

, Education. An individual planning r to management in data
,roc sec hould have a bachelor's cicgAe. He she will be super-
vising the work of other individuals who have such a level of education,
and the demands on skills and energies require at least such a back-
ground. Further education at the graduate leifel would prepare anyone
even better for the challenges of this job.

Desirable areas of specialization are business administration, ac-
counting, statistics, economics, engineering, applied scierkes, or liberal
arts. The candidate for a managerial position should have training in
mha.gement concepts and skills. Once on the job, of course, a broad
knowledge of the company with whiCh one is working will be needed.
The :rapid changes in data processing technology and management
methods will make frequent additi nal training necessary. .
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IV king conditions. Data processing management has no place
for th ne wolf." The group of managers described in this manual
works ogether as a team; each member contributing a specialty. Be-
cause of the technical nature of the work and the wide range of its
application, it would be.elmost impcissible for one individual tos,keep
track of all that is going on in a computer center. ,

Computer center managers generally enjoy excellent working con,
ditions in the form of office facilities, secretarial assistance, and
good library, reproduction, and other services. Like other managers,
they are expected, to do whatever is necessary to get the job done. Con:
sequently, they frequently find' themseWes donating weekends and
evenings to the cause.

Managers work under the frequent pressures of time and budgets.
The part they play in a rapidly changing .technology is stimulating, but, '
it can also be frustrating as they realize that they cannot move fast
enough to keep up with the changes. They may, also experience frustra-
tion in gaining approval for their plans and projects.' While trying to
keep pace with the fast changing technology, they must be prepared to
find themselves the targets of unjust criticism by those who consider*
change thzeatening, and who resist it.

On the other hand, the management personnel at a domptiter
center enjoy the dense of pride and the feeling of group unity that comes
from working together in a new and rapidly growing profession.

Computer center management
as a career

The demand for computer center managers follows a general up-
ward trend in the field: More and more computers are beirig installed.
The need for people to manage their use increases proportionately.
Since the majority of computers are found in large cities, most man4e-
ment jobs are naturally found there, as well. In.smaller installations, two
or more of the management positions described may be combined into
one managerial job.

There are several routes a person may take to computer center
management. He or she may progress from a job in operations to Opera-
lions Manager, move from programming or systems analysis to Systems
and Programming Manager, or cross over from one area to another.

One of the subordinate positions in the organization, not related to
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data processing, could lead to a place as Computer Center Manager. A
person could also move 'from Computer Center Manager to higher
management positions in his or her organization, such as comptroller or
vice-president. Though data processing management, has traditionally
been a "dead-end" career, recent trends seem to include data processing
people in considerations for high positions such as those just mentioned.

The chart in Fig. 7-4 will give you an idea of the various directions
an individual could go in management, whether in shifting from one
area to another, moving up within the computer center, or i6ing into
other positions in the organization. . .
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APPENDIX
o BINARY CODES

The technique of rep resenting lette rs and numbers inside a computer
as 'combinatiOns of zeros and ones makes it possible for computers to
be built entirely from elements which have 'only two states_:for ex-
ample, off or on. Although this two-digit number system is.cumliersome

. for humans to use, it is a very efficient, economical, and reliable system
for computers. Using it, numbers can be represented by combinations
of a pulse or no pulse, a bole or no hole, magnetization in one direction
or the opposite direction, a switch open or closed, a light on or off, one
or zero, and so on.

A single binary digit, a zero or a one, is called a "bit." A bit is
always in one state or the other. It is either one or zero, on or off. It can-
not be halfway between.

There are many ways of 'representing, or coding, numbers and
letters using only two symbols: If we only needed to code the 10 digits
of our decimaljamber system, 0 through 9, we could use a simple nu-
meric code with four bit positions, as shown below:
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Decimal Digit

0

1

2

3

4

5

6

7

8

1

Binary Code

0000

0001

0010

0011

0100

0101

0110

0111 ,

1000

it

.1001 4 4 4 . 4 4

34.1
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If we include the 26 letters of the alphabet, plus a few special
symbols like + and and =, we need to use more bit positions, or ones
and zeros. Such a code is called an alphampic code, since it includes
letters of the alphabet as well as numbers. We need to use six ones and
zeros to specify each number or letter so that it has its own code. One
such six-bit alphameric code is shown below:

Six-bit ALPHAMERIC Code

0 000000 T 100000

. , 1 000001 J 100001

2, 000010 K 100010

3 000011 L 100011

4 000100 M 100100

5 000101 N 100101

b 000110 0 100110

7 000111 P 100111

8 001000 Q 101000

9 001001 R 101001

1 001010 101010-

# 001011 $ 101011

@ 001100 101100

001101 ) 101101

> 001110 101110

?

(space)
001111
010000

,

±
101111
110000

A 010001 / 110001

B 010010 S 110010

C 010011 T 110011

D 010100 U 110100

E 010101 V 110101

IG-----
010110 W 110110

010111 X 110111

H 011000 Y 111000-

I 011001 Z *111001
& 011010 <-- 111010

011011 , 111 011

011100 % 111100

( 011101 = 111101

011110
: I 111110\ 011111 I 111111.
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There are other alphameric codesfor example, the seven-bit
ASCII (American Standard Code for Information Interchange) code
which is used to transmit data via teletypewriters. ASCII is shown next,
followed by a diagram of the code punched on paper tape at the top
of page 337. Can you match up characters using the binary code from
the table and the punched code on the tape? Do you see how a hole
in the tape represents a one in the binary code, and vice versa? Find

(-7 the letter "V" in binary and then find the "V" punched on the tape.

ASCII Code

Symbol Binary Code Symbol Binary Code

A 1000001 6 0110110
B 1000010 7 0110111
C 1000011 8 0111000

, D . 1000100 9 0111001
E 1000101 space 0100000
F 1000110 0100001
G 1000111

1001000

,, 0100010
0100011

1001001 0100100
J 01001010 0100101
K 1001011 0100110
L 1001100 0100111
M 1001101 0101000
N 1001110 0101001
0 1001111 0101010
P 1010000 0101011
Q 1010001 0101100
R 1010010 0101101
S 1010011 0'101110

T 1010100 0101111
U 1010101 0111010
V 1010110 0111011

1010111 0111100
X 1011000 0111101
V 1011001 0111110

1011010 1011011
0 0110'000 1011100
1 0110001 1011101
2 0110010 1011110
3 0110011 1011111
4 0110100 line feed 0001010
5 0110101 carriage return 0001101
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There is also, in common use on magnetic tape, an 8-bit alpha-,
meric code called EBCDIC, *which is used to represent 256 unique
letters, numbers, and special characters.

The Hollerith code, used with punched cards, is another type of
binary code. A hole punched in the card stands for a one, and no hole
for a zero. The way the Hollerith cede works, each column in the card
represents one number or letter. VI each column there can be no more
than three holes punched, and t Jere are 12 possible places for punches
in each column. Because of t

iti
"no more than three" rule, it takes 12

bits to represent a single character. Examine the Hollerith card above.
Which kinds of characters are represented by one hole punched in the
column? Which kinds have two holes? Three?
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GLOSSARY
Applications programs User - supplied

,, programs to direct the computer in process-
ing particular data to get particular results.

Arithmetic-logic unit Part of the central
processing unit responsible for symbol ma-
nipulation in the processing operation. '

ASCII American Standard Code for in-
formation Interchange; a seven-position
punched-hole .code used frequently in
punching paper tapes.

Assembler The simplest kind of trans-
lator, which translates from assembly lan-
guage into machine, language. ..

Assembly, language A vogramming lan-
guage which uses English-like symbols
(mnemonic codes or 'operation codes) to
represent particular computer operations,
grouped together with numbers indicating
addresses to make a complete instruction,
e.g., ADD 1202.

Batch processing The mode of process-
ing w hich enters all input into the computer
in one batch and may receive all output in
one batch sometime later.

BASIC Beginner All-purpose Symbojic
Instruction Code, an easy-to-learn pro-
cedure-orientecklanguage suited to program-
ming many different kinds of problems.

Basic systems documentation The set
of diagrams, flowcharts, And tables w ritten
by the systems programmers which describe
the systems software.

Block diagrams A diagramming tech-
nique" used by systems analysts to break a
large problem down into its general sections
and to show their logical sequences.

Binary code A two-state code used in
computer processing, e.g., 1-0, clock.. Ise-
countercleckwise, pulse-no pulse, etc.

Buffer Electronic mechanism in the
computer system which holds input (input
buffer) and transfers it to the CPU when
the processing unit is ready, or which holds

. output from the CPU (output buffer) until
the output devices are ready.

Card layout A sheet showing ex..ct posi-
tions for items of information on punched
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cards,. often with keypunching instructions.
CARDIAC A small simulated computer

developed by Bell Telephone- Laboratories.
Card punch Output device which the

computet controls to output information on
punched cards. .

Cathode-ray tube A television-like pic-
ture tube on which input and output are
displayed; a CRT.

Centr'al processing unit The piece of
computer equipment responsible for proc-
essing all data; the CPU.

Chain printer Common impact printer
in which hammers press paper forward onto
characters on a circular steel chain.

Character printer Input,'output devices
which print one character ac a time, e.g.,
teletypewriter /

COBOL COmmon Business Oriented
Language; a procedure-oriented language
suited to programming business problems.

Compiled program listing The printout
from the computer which lists each program
instruction and identifies errors while the
program is being translated (compiled) into
machine language and stored.

Computer Device which electronically
receives data, Kocesses it as direCted by
programs, and outputs information.

Computer console Equipment on CPU
used for communicating with the computer,
usually includes console typewriter and con-
trol panel.

Computer haidware The equipment
and deices which are used by computer
systems in their operations, such as 'input
output devices, terminals, CPU, etc.

Compiler The type of translator which
translates from English-like programming
languages to machine language.

Complex terminals Various input and
output devices used together as remote
terminals.

Computer programmer A person who
writes applications programs for computers.

Computer operator Person responsible
for operating and overseeing the computer
system.

Computer system Complete installation



of computer equipment including input de-
vices, CPU, output devices, and secondary
storage devices, designed to perform specific
data processing jobs.

Console typewriter Typewriter on com-
puter console used by operator for com-
municating with the computer to control its
operation.

Control panel A' set of incandescent
lights on the computer console which dis-
plays the contents of some internal registers
in the CPU; used to monitor the operations
going on.

Control unit Part of the central process-
ing .unit which controls the sequence of
processing operations.

Cores Doughnut shaped devices in
CPU's primary storage which register data
in the form of- clockwise or counter-clock-
wise magnetization.

Data Raw material to be processed.
Data clerk Person who performs job of

data preparation, usually a keypunch opera-
tor.

Data file Any batch of data stored on an
input/output medium.

Data preparation The step in computer
processing in which data is prepared on
media in a form which can be input into the
computer, e.g., holes on cards.

Data processing system A system which
processes input data and outputs informa-
tion.

Debug To correct, or take the "bugs"
out of, a computer program.

Decision tables A diagramming tech-
-nicinc-uscct by- sy stuns- analysts- which show
what actions will be taken when any com-
bination of conditions holds.

Desk checking The initial debugging
step a Programmer uses, in which first the
program listing is'hand-checked at the pro-
grammer's desk for clerical and logical
errors, and second the compiled program-
ming listing is hand-checked at the desk.

Device A piece of equipment which can
record .codes onto a medium or read code
from a medium.

Direct-entry An electronic keyboard de-
vice which encodes data directly onto a
magnetic medium for inputting into corn-
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puter, e.g., direct-entry key-to-tape or key-
.to-cassette devices.

Drive-sprocket holes Tiny holes running
down paper tape media which guide the
tape through the punching or reading de-
vice.

Dump routine Part of diagnostic routine
which prints contents of each storage loca-
tion at any specified checkpoint in a pro-
gram.

EBCDIC Extended Binary Coded Deci-
mal Interchange Code; code used on mag-
netic tape medium.

Electrical pulses Method by which data
is transmitted from a remote.terminal or ad-
jacent input device to the electronic com-
puter, over telephone or other wires.

Feasibility study In systems analysis,
the study of an organization's needs to de-
termine the desirability of using a computer
to help accomplish some goals.

Fields Sections of punched cards desig-
nated for particular pieceof data.

Flowchart A step-by-step diagram show-
ing the logical sequence of events in solving
a problem.

Flowcharting template A plastic plate
with flowcharting sy mbols cut out on it
which programmers use when drawing flow-
charts.

FORTRAN FORmula TRANslator, a
procedure-oriend language suited to pro-- -
gramming scientific and mathematics prob-
lems.

General documentation Written infor-
mation about a program which includes a
final flowchart, program listing, program
description, and input and output formats
(instruction sheets and layout forms).

Hollerith card Standard punched card
invented in 1890 by Herman Hollerith, data
is punched onto Hollerith card in coded
holes (Hollerith code) by keypunch ma-
chine or card punches and are input by card
readers. Cards have 12 rows and 40 or 80
columns for punched boles.

Hollerith code Binary code for punched
holes representing all letters, digits (g9, and
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many symbols, used to encode Hollerith
cards.

Impact printer Printer which prints us-
. ing a type bar or wheel pressed against the

paper, e.g., chain printer.
Information system Computerized sys-

tem in which data is interrelated and cross-
indexed for immediate retrieval and use.

Input Information put into a system.
Inpiit forms The forms on which data

are recorded which are to be processed;
forms vary from bookkeeping sheets to spe-
cialized forms designed by systems analysts.

Interactive processing The "conversaz___
tional" mode of time-sharing in which user
enters input, promptly receives output, and
'may'Continue to input and get output as de-
sired.

Intelligent terminal A remote terminal
with a mini-computer of its own and one br
more input and output devices; sometimes
a secondary storage device or two are in-
cluded. It can serve both as a remote ter-
minal for a central terminal elsewhere and
as a mini-computer in its own right.

Job set-up sheet A part of specific docu-
mentation which describes special steps the
computer operator must take to run a par-
ticular job.

Keypunch machines Keyboard ma-
chines used to punch Hollerith cards with
data in the form of coded holes, to be read
into the computer by punched card reader
devices.

Layoutsheet- A sheet showing- exact
positions of items of information on input
or output media.

Light pen Pen-sized tube with elec-
tronic device in it and a light bulb,at its tip,
used to transmit signal from the location on
a CRT screen to which the light pen is
pointed by the user.

Line printer Output device which prints
output from the computer one entire line at
a time; it is run electronically by the com-
puter.

,Local mode See: Off -line.

Machine .language The set of symbols,
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usually a binary code transcribed in l's
(ones) and, 0's (zeros), which the coin-
buter itself can understand.

Macro-flowchart A flowchart used by
systems programmers and systems analysts
to show the main steps in the program or
system they' are working out.

Magnetic character reader-sorter Input
device which recognizes characters printed
in magnetic ink and can sort mediaso
printed or can transeolm data so printed into
electronic pulses the computer can register.

Magnetic disk Input/output medium
like a phonograph record on which data is
encoded -in -the form of magnetized spots on
concentric tracks by a magnetic disk drive;
usually kept in packs of 6 or more disks,
called disk packs.

Magnetic drum Input/output medium in
the form of a metal cylinder on which data
is encoded in magnetized spots in circular
bands by a magnetic drum drive.

Magnetic-ink character recognition A
technique which uses magnetic-ink in print-
ing characters which can then be recognized
by magnetic character reader-sorters.

Magnetic tape Input/output medium
like recording tape encoded with data in the
form of magnetic spots, using EBCDIC
code.

Mark-sense card Input med..= shaped
like punched cards but which are encoded
by hand using a pencil.

Medium A material (e.g., punched
card, magnetic tape) on which information
is represented in coded form; media are read
or encoded by devices.

Micro-flowchart Any detailed flowchart
showing each step involved in a process.

Mini-computer A small central process-
ing unit.

Mnemonic code See: Assembly Lan-
guage.

Multiprocessor A central processing unit
with more thanone arithmetic-logical unit.
. Multiprogramming A technique in
which several programs are in the computer
at the same time.

Non-impact printer Printer which prints
an image by chemical or other non-impact
means.



Off-line The operation mode in which a
device is not connected to the computer.
When off-line, teletypewriters may be used
as regular typewriters, if they have an at-
tached paper tape punch, they can also be
used off-line to punch tapes.

Off-line storage Secondary storage
media such as punched cards stored in a
drawer, which must be specially loaded on

' an input device for use. '
On-line The operation mode in which a

device can input data into the computer- or
receive output from the computer.

On-line storhe Secondary storage
media connected directly to the computer
and hence available for immediate use at
any time by computer.

Operating system Manufacturer-sup-
plied programs which include special pro-
grams, standard routine programs, and
translators.

Operation codes See Assembly Lan-
guage.

Operation documentation sheet A part
of specific documentation which describes
the program (s) and,Procedures required for
running a particular program.

Optical character reader An input de-
r ice which recognizes specially-shaped char-
acters, or even typed or hand-written char-
acters, and transforms them into electronic
impulses the computer can register.

Optical scanner An input device which
inputs data from hand-marked sheets or
cards.

Output Information produced as the re-
sult of processing.

Output forms The forms in which a
data processing system outputs its results,
ranging from simple printed reports to spe-
cial labels and other forms designed by the
systems analyst.

Paper tape punch Device which en-
codes input or output data on paper tape.

Paper tape reader/punch A device
which can' encode data on paper tape or
read data from it, controlled by the com-
puter.

Parity check Eighth hole-position on
paper tape medium used to double check
accuracy of the data.
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Plotter Output device with a movable
pen controlled by the computer to draw
graphs or designs.

Point of sale terminal Electronic cash
register equipped with a scanner for reading
magnetically .coded information.

Primary storage Storage area in the cent
tral processing unit; also called core storage.

Procedure-oriented languages High -
level programming languages which' re-
semble programmers own conversational
lagguage, e.g., BASIC.

Process Procedure ohnanipulating data
toproduce'the desired results or output.

Program A set of instructions prepared
by programmers, which tell a computer how
to process given input, step-by-step

Program listing The list printed out by
the computer of each instruction of a pro-
gram, used by prOgcammers in debugging
programs.

Program loader Utility 'program in the
operating system which superVises the read-
ing in, storing, and starting of new programs
loaded into the CPU for use.

Programming language guides Guide-
books provided by computer manufacturers
describing how to accurately and efficiently
write programs for the particular computer.

Punched card See Hollerith Card.
Punched card reader Input device

which transforms data from punched hole
code into electronic code which can be reg-
istered by the computer.

Punched paper tape Paper input me-
dium about one inch wide, any length,
which is punched with coded holes by a
paper tape punch as computer input or out-
put.

Random access device Any device which
can access (locate) data °We storage me-
dium by moving read/write heads directly
to desired location, e.g., magnetic disk drive
and magnetic drum drive.

Reading wand A pen-like device at-
tached to electronic cash registers which
"reads" price nd stock information from a
magnetic (trip on merchandise, credit cards,
etc.

Retrieval Obtaining information from
Computer storage.
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Secondary storage Pieces of equipment
outside the central processing unit in which
quantities of data can be stored.

Serial access Locating data by reading
through all data, serially, until desired loca-
tion is reached, e.g., serial access with mag-
netic tape.

SKETCHPAD Computer tool for chang-
ing rough engineering draft into an accurate
design drawing on a display screen.

Software Thdpirograms which guide the
computer's opeiations, including the manu-
facturer's operating system and the user's
applications programs.

Source document The original docu-
ment on which data are recorded which are
to be transformed into input form for data

,processing. ti

Specific documentation Written infor-
matibn which gives computer operator all
the information needed to run a program,
including program operation information,
job set-up sheet, etc.

SubroUtine library The complete set of
subroutines provided in a computer's oper-
ating system.

Supervisor The portion of the operating
system which monitors and controls the op-
eration of other operating systems programs.

System Generally, any set of "elements"
which are related to each other so as to
achieve a desired goal.

Systems analyiis and design The analy-
sis and planning of computer systems instal-
lations to fulfill the sp&ific data-processing
needs of organizations.

Systems approach The five-step pro-
cedure followed by systems, analysts in solv-
ing Systems 'analysis problems.

Systems flowchart A flowchart of the
solution to a systems problem.

Systems software. The programs with '
which a computer is equipped by the manu-
facturer.

Teletypewriter Remote input/oUtput
typewriter terminal connected to central
computer by telephone lines, often with an
attached paper tape punch and_paper tape
reader.

TerminalL A device used for sending in-
formation to or receiving information from
a distant computer system.

_Test routine A utilits program in the
operating system which identifies machine
or program errors during operation of pro-
grams.

Time sharing Process*by which remote
terminals may share time on a central com-
puter and input data for immediate process-
ing b/ the computer:

Tracing A part of desk-checking a pro;
gramby -tracking-the overall logic-of- the
program.

Trace routine Part of diagnostic routine
which prints the results as each step of a
program is executed by the computer.

Translators Programs in the operating
system which translate program instructions
from programming language into the ma-
chine language the computer can work with.

Typewriter terminals Electric input/
output terminals which have a typewriter
keyboard for data entry and paper-and-type
mechanism for printing output; usually ap-
pear very much like standard selectric type-
writers.

Utility programs Programs in the oper-
ating system which perform routine and fre-
quently needed processing jobs such as
controlling the transfers of data from one
medium to another.

Voice activated checkout system A com-
puterized checkout system which recognizes
merchandise names and prices spoken
(rather than keyed -in by clerks).
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ASCII code, 83, 336
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auxiliary storage devices, 164,
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Babbage, Charles, 10
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binary code, 61, 62
block diagram, 269, 271
brush-type card reader, 102
buffer, 167, 228
business, 16-19

calculating machine, 10
capdbilities of the computer, 11
Card Dialer, 132
card punch, 124-128
card read/punch, 46, 125
card render, See Punched card

reader
card reader terminals, 133, 135
careers, computer, 297-333
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134, 140
central processing unit, 43, 49,

54-56, 101, 138, 149-155
character printers, 121
checks, 113
chemical industry, 20
COBOL, 170, 183-184, 223,

232
codes, 58-64
codes, numeric, 170
coding, 215-216
columns, card, 69, 76
compilers, 170, 223
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21-24, 140
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300, 326-333
computer console, 157-162, 203
computer-Managed instruction,

24
computer navigation, 16
computer operator, 68, 102, 108,

124, 158-163, 197, 200-203,
217-218, 298, 300, 304-309

computer programmer, 298,
300-302, 304-306, 310-315

console, computer, 157-162, 203
console typewriter, 113, 159-

160, 305
control panel, 160-162, 305
control unit, 45, 150_, 154-155
conversational use ofcomputers,computers,

52,143-144
core storage, 94
cores, magnetic, 60-61
costs, 13
credit cards, 115
Crime Information Center, 30
customer, 300, 310
cybernation, 19
Cybernetic Revolution, 8

-fliita, 118-119-
data clerk, 68, 83, 98, 298, 300 -

304
data file, 109, 112
data preparation, 48, 54, 64-98
debug, 173, 183
debugging, 68, 160, 187-196,

198, 233-236, 311
decision tables, 269, 275-279
Department of Defense, 35
desk checking, 188-193
device, 65, 67
diagnostics, 168, 228-229
digit punch, 71
direct entry data preparation

devices, 93-98
disk packs, 89-91, 109-111
documentation, 196-203, 238-

240, 254, 293-294, 312
documentation standards, 198
dual-purpose device, 81
dump routine, 168-169, 192-

193, 228-229

EBCDIC, 89-90
education, 20-25
elections, 27-28
electronic cash register, 5
electronic pulse, 59-60, 62, 64
electronic wand, 141
*engineers, 16
error messages, 191-192
executive, 165, 225

feasibility study, 264-265
fields, 75-77
flowchart, 311
flowcharting, 173-179, 198,

232-238, 269-270
'format, input-output, 199
FORTRAN, 1'70, 183-185, 223,

232

garbage in, garbage out, 36
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government, 27-28
graphs, 129

hardware, 162, 262
high-level programming Ian -

'guages, 182-186, 211, 216,
232

history, computer, 9-10
Hollerith, Dr. Herman, 69, 0
Hollerith cards and code, 69-74

impact printers, 122-123
implementation, 294
Industrial Revolution, 8-9
industry, 19-20
information, 118-119
information retrieval, 146
information system, 17, 27
input;-392;-46
input devices, 62, 64, 65, 93-98,

101-116
input forms, designing, 282-285
input - output control programs,

165, 167, 225, 227-228
input-output devices, 51-52
input-output operations, 227-

228
instructional tool, 21-24
intelligent terminals, 55-56, 138
interactive processing, 52, 54,

143-144, 170
interpreters, 171

job, 163, 218, 251, 304
job control cards, 108, 113, 218,

226, 251
job control program, 166, 226
job control statements, 159

key-tocartridge, 95-96
key-to-cassette, 95-96
key-to-disk, 96, 98
key-to-tape, 94-95, 107
keyboard terminals, 131-132
keypunch machine, 48, 67, 93,

96, 98. 125
keypunch operator, 37 -68, 98,

101, 103, 199, 283

law enforcement, 28-31
layout sheet, 199
learning prescription, 24
light pen, 140
limitations of the computer, 11,

13
line printer terminals, 136
line printers, 121-124
listing, 198
loader program, 215

machine language, 181, 220 -
22$; 231, 243, 249
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macro flowchhrt, 232-233, 236,
272, 275, 277, 279

macro instruction, 208, 222-223 -
magnetic character reader- ,

sorter, 115
magnetic disk, 88-91, 1o9-110,

127, 151, 156.
magnetic disk drive, 109-110
magnetic drum, 88, 91, li1-

113, 127, 156
magnetic drum drive, 111-113
magnetic ink character recogni-

tion, 113-115
magnetic media, 88
magnetic output devices, 127
magnetic tape, 88-89, 110, 127,

151. '156
magnetic tape drive, 105-110
mainframe, 150
manufacturer's systems pro-

grammer, 238-254, 317
manufacturing, 20
mark-sense card, 68
mark-sense card reader. 115

, mark-sense form, 282-283
medical diagnosis, 11, 25
medicine, 25-27
medium65, 87, 300
memory dump, 168-169, 192-

193, 228-229
microflowchart, 233, 236, 269-

270, 279
microwave transmission, 147
mini-computer. 55, 96, 105, 153
mnemonic codes, 182, 244-247
monitor, 165, 225
multiprocessor, 166
multiprogramming, 166, 227

National Data Center, 27
navigation, computer, 16
non-impact printer, 122-124

off-line, 132-133, 144, 157
on-line, 105, 144, 157
on-line storage, 105. 156-157
operating system, 164-171, 205-

206, 218-220, 225-229
opeiating system guides, 205-

206
operation codes, 182, 245-247
operations manager, 326-328
operator's manual, 160
optical .character reader, 113-

116 ,
optical page reader. 104
optical scan sheets, 79. 104

t optical scanner, 104, 115, 283
output, 39-42, 96

t'- output devices. 118-129
output forms, designing, 285-

287

paper tape punch, 81-86, 126-
127, 132-133

paper tape reader, 84, 86, 104-

105, 132
parity, 82
Pascal, islaise, 10
pattern recognition devices,

113-116
petroleum industry, 20
photoelectric card reader, 102
PL/1, 213
plotter, 129
POLUT, 22
primary storage, 45, 155-157
primary storage unit, 151-153
print layout sheet, 199-201
printer, 121-124, 285-286
privacy, 14
procedure-mignted__ languages,

182-186, 223
process, 39-42, 46
program flowchart, 270-273
program loader. 167-168
programmer, 67, 108, 163, 173-

259
programming languages, 181-

186, 311
programming language guides,

206-208
programs, 43, 67, 108, 163, 211
punched card reader, 101-103,

125
punched cards, 67-77, 88, 93,

125, 151
punched paper tape, 68, 79-86,

88, 127
punched /paper tape terminals,

132-133

quick batch processing, 144

random-access devices, 89, 110
read-write head, 89, 107-112
recreation, 33-35
reference manuals, 204-208,

238-239, 254
remote batch processing, 144
remote input-outvt devices,

130-147
remote printing, 146
remote terminals, 55-56, 81, 98,

127, 144
report program generators, 171
research, 24-26
reservations systems, 31, 144,

146

salaries, 298-300
school management, 20, 24
scientific research. 15
secondary storage, 45-46, 156-

157
secondary storage devices, 155-

156
serial access, 89, 110
simulation. 15

'SKETCHPAD, 16
software, 162-171, 262
software, function of, 220

35.1

software, system12215-219, 232
source docume , 79, 264, 282
standardized t sts, 79
storage unit, 1
subroutine librar ,-208 -209
subroutines, 208-209, 218
supermarkets, 17-18
supervisor, 165-167, 225-227,

250-253
symbolic languages, 205
symbols, 59
system, 41, 261-262
system crash, 255
System Loader, 251
systems analysis, 262-294
systems analyst, 197, 265-294,

298-,-1110-021:326
systems and programming man-

ager, 326, 328-329
systems approach, 266-294
systems design, 262-264
systems flowcharts. 269, 271-

273
systems programmer. 298, 316-

321
systems programming, 214-215,

220, 222, 231-254
systems software, 215-219, 232

telephone, 132
Teletype, See teletypewriter
teletypewriter, 81-86, 104-105,

126, 131
template, programmer's, 178,

198
terminals, 5, 7, 17, 19, 21, 22,

28, 31, 35, 51-56, 81, 130-
147

test answer sheet, 283
test run, 193-196
testing the system, 291-292
tickets, 8, 31, 34-35
time- sharing, 51-55, 131
trace routine. 168. 193, 228-229
traffic control system, 7, 31-32
transportation, 31-32
translators, 165, 169-171, 216-

218, 220-224, 244-245
transmission, 146-147

UPC code, 18
user's systems programmer, 239-

240, 255-259, 317
utility programs, 165. 167-169,

,225, 228-229

verifying, 93, 187
voice input, 142-143
voice output, 129, 142-143
voice patterns, 142-143

wand, electronic, 5. 141

zone punch and rows, 71


